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1. Puberulic and Puberulonic Acids. Part I. The Molecular 
Formula of Puberulonic Acid and Consideration of Possible Benzenoid 
Structures for the Acids. 


Corsetr, C. H, A. W. Jounson, and 


acid, recorded by earlier workers 
vdroxyformylbenzon aca struc 
n-identrt ‘2.3 


o triayvdrory 
Benzenor formula for the 


Puserviic and puberulonic acids were first isolated by Birkinshaw 
1932, 26, 441) from cultures of the me ms and 

the formule C,H,O, and C,H,O, respectively were assigned to them. Both compounds titrated 
s dibasic acids, and the almost colourless puberulic acid, m 316-—318*, could be 


and Raitnck (Biochem, ] 


ls Pemciulium puberulum and FP. aurant 


mixtures of the two as its diacety! derivative whereas the vello 
p. 208°, was unafiected by acetylating agents. Puber: rmed a tetramethy! 
with diazomethane, and diacetylpuberulic acid formed a dimethyl derivative under 
the same conditions, so that the m hic acid contained four acidic groups of which 
at least two were enolic or phenolic hydroxy! nu No evitler 


ce was obtained for the presence 
of a carbonyl group, and the author 


suggest @ satisiactory structure either for 
later Barger and Dorrer (:hid., 1934, 28, 11) carried 


investigation of the two acids but likewise were unable t 


puberulic or for puberalonic acid 


advance structural 
» explam all of the experimental results They showed that puberulic acid almost 
it readily lost carbon dioxide when heated, vielding 
a crystalline product,C,H,O,. Puberulonic acid 


certainly contained a carboxyl group since 


hanged from yell through pimk to colourless 
in the course of neutralisation with sodium hydroxide and, on the assumption of a formula 
C,H,O,, irregular values were given for the basicity) a value of 2-3 was obtained when the acid 
whereas back titration of alkaline solutions gave values 
29 to 35. This seemed to s 


was titrated directly varying from 
the presence of a lactone or pm udo-acid gr ping In a 
» their paper Barger and Dorrer (loc. cit.) stated that Dr. Hover had 


et had obtained evidenc« 
onic acid is str 


| ucturally related to puberulic acid but the nature of this evidence has 
never been divulged 


No further work on the chemistry of these compounds has been published. Oxford, Raistrick 
and Smith (Chem. and ind., 1942, 61, 485) have described the isolation of the same acids from 
P. Joharmol: Zaleski and P. cycloprum-viidicatum series and have reported that these mould 
metabolic products have a significant antibiotic activity against various Gram-positive organisms 
Nature, 1945, 155, 479) suggested that puberulic acid might be a hydroxystipitatic acid 
but adduced no evidence to support this formulation 


Dewar 


stipitatic acid iteelf was claumed by the 


same author (i/sd., p, 50) to be a derivative of tropolote (1 More recentiy McGowan (Chem 


and Ind., 1947, 66, 205) advanced structures (11) and (111 


for puberulic and puberulonic acid 
respectively, but again without experimental support i 


In the present work, the two acids were isolated from the culture medium of P. aurantio-vivens 


essentially as described by Birkinshaw and Raistnck (loc. cit.), although the vield was increased 
by usi a relatively high temperature (30°) for the growth of the mould The formula for 
pube nic acid, C,H,O,, put forward by earlier workers has been amended to C,H,O,, the 


results of analyses being supported by the preparation of a complex, CSH,O,.C HN, with pyridine 
of a condensation product, C,,H,O.N,, with o-phenylenediamine 
hydrolysis of the acid 


and by experiments on the 
When puberulonic acid is heated in dilute sulphuric acid solution, one 


= 
The molecular formula of pubes (HO, has been 
revised to C,H A possible tr for puber acid 
has been shown ¢ untenable by ensaldehyde with the 
ecarboxylation prodact of puberulic acids are therefore 
excluded 4 
4 
| 


2 Corbett, Hassall. Johnson and Todd 


molecular equivalent of carbon dioxide is evolwed as d puberulic acid 
vir hed 


Thus the relationship between the acids 


OH 


The potentiometric titration (Fig. 1) of puberal 


that a lactone grouping is present in the molecul: uring the t 
decrease in the pH was apparent on leaving the solution to stand of 


mall amounts of alkali at any point between about pH 7 and pH 10 
effect t Fig. 1 

ince in many respects puberulic acid has properties not 
compound, it seemed advisable to consder at the outset whether the evidence 


avattalle ipparted 
a formula Purkinshaw and 
Katstrick cot.) and Barger and Dorrer 


ad rejected the possibility that 


tof the 
of the curve aii might be dibve 
eddifsonm of alha 
dwarboxviic acid beca 


they 


ot the 


ORV 


three 
methyl 


derivative saggests that puberulx 


é 


reasons st ture (IV) appear 


formulation of pulbera acid as mucht 
diamine in the manner 
comvervion into puberulie acy id hwerolysis 


The most serious objections to formule (1S atives of 
either puberulx lecartwrxy le puberulk aci ic acid 
could not be acetviated, but meverth« it was tested by 
comparison of pap beruls acd idehyde This 
aldehyde had not been prews lv desenbed and it h n obtained in 20%, overall yield 


the 2:3. Ste comparison 


subsequent hvdrolvsis of 


hemzak de amd the srhbexviation product of puberulic acid shows that there ts 
little resernblan between ther spectra of the two 
puberulonic acids in Fig. 3 

The other trilbwdrox vbensaldehydes have been descrbed in the 


com are shown in Fis and those of puberu! and 


iterature and all are different 


from the devarboxylation prod: puberuls vd i mly possible benzenond structures 
C,H,O,. which accommodate t enolic groups 3 a carboxyl group are those of the 


|| 
COM COM COCOH 
‘ ‘ 
CO,H 
i! 
CHO ix 
oO 
Ho COW 
CON Hu on He on 
iit 
ee acid gives some support to the suggestion 
itralisation of the tree acid a 
ilustration of this 
« aromatix 
Pr} 
de 
was 
A vl ~everal meces of idence 
t hive? rul woud ntau 
3 Ja iron Troup the a 
= | i om alkaline hyds 
> tra puberuhe acid a 
, 
w SF fer and th hracetyl 
j { decarboxviated puberali 
wl gives a eciiate color 
at with ferne chlorite Farthermore, 
d 
py from the 
hvdrogenat product of the tetramethvl 
its condensat with phenvlenr 
w colour, and, if somewhat less readily, its 
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dihbvdroxybenzenedwarboxviic acids and the tnhydroxyformylbenzoi acids (eg, IN these 
structures have now been shown to be untenable for puberulic acid. Other mang structures must 
be considered and we have, therefore, taken up afresh degradative studies on both’ puberulx 
and puberulonic acids; the results will be presented in a separate communication 


Taste i, 


2:3. Decarboxylated puberulic acid, 
Canary yellow 
187” (decomp) 
4-Dinitrophen yihydrazose Orange-ted derivative Novteaction 
Ferre reaction Olive green Deep Glocd-red 
Condensation with ew liydroxy 
acetophenone Wine-red colour No reaction 
Coloration with aqeeous sodium 
hydroxide Golden-yellow Laight brown, rapidly darkens 


2:3: 5-Trihvdroxybenzaldehvde was also prepared, albeit in poor vield, by omdation of 


a-resoreylaidehyde with potassiam persulphate There are several recorded examples of th: 


360 40 


A, 


3. tn ethanol Puberulonic acid in water 
LDecarboxylated acid im ethanol acid 1m water 


preparation of aromatic hydroxyaldehydes by this reaction (¢.¢ Baker and Biown, J., 1948, 
2303) but this is the first instance in which it has been used to bydroxylate a dibydr xybenz 
aldehyde. The oxidation was carried out in an atmosphere of nitrogen and the product isolated 
by the method of Baker, Brown, and Scott (J., 1939, 1922 In connection with the synthesis 


of 2° 3: 5-triacetoxybenzoyl chloride required for the preparation of the trihydroxybenzalde hyde, 


a number of routes to 2: 3: S-tritydrorybensotc acid were investigated and it was eventually 
obtained in 15%, vield by persulphate oxidation of a-resorcylic ac id The conditions for this 
oxidation were worked cut in prelaminary experiments on the puacdat m of salicylic acid to 
wentisic acid (ef. Schering, D.R.-P. 81,297; Graebe and Martz, Annalen, 1905, 340, 213; Nandor 
and Mauthner, J. pr. Chem., 1940, 156, 150) which was itself required for another possible route 


to 2:3: 5-trihydroxyvbenzvic acid via 3-amino-2-acetylgentisic acid This latter compound, in 


CO,Et CO,Et CO,Et 


the form of its efhyl ester, was diazotised by the method of Hodgson and Walker (J., 1933, 1620 
but heating the diazonium salt With 60°, sulphuric acid under reflax gave gentisic acid (30%, 
This behaviour recalls that of aminogallic acid which under similar conditions is de aminated 
giving gallic acid (Power and Shedden, /., 1902, 81, 73). On the other hand 5 aminosalicylc 
acid was successfully converted into gentrsic acid by this method 
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150 me 
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«hlorxie 

entaining malar awels ght to 35-—40 
thm ternperatare durnng persulphate 34 mols.) was 
aided portionwise during 3 hours i udiy developed a deep chocolate- 
brown colour, was left for 36 hours at roo perature aad then acy od with concentrated hydrochloric 
until jast acid to Congo-red This was extracted with ether (3 « 300c.c.), and the combined 


4 
The ik] was 
at 24 the easing the yiekl of the aco! 
and decreasing the production of Tacums After separation of the medium from the asso iated 
al mat, aod slarificatem of ¢ passage through a Sharples centrifuge, the pHi was 
¢ red plex 
nackei plex 
rrer on Fr 
ng effected’ in a bh 
Found: 486: H 
showe:! 
Laght 
Maxima ‘5a 34 For the puts 
titration of paberulor aed, & well stirred suspense of the (1-12 mm water wus Heutrai: 
hydraanle The titration was followed potentiometrxally cans 
electrode -ghags trade evetent The ts are re ried im Fig. 1 The solution became 1 k at 
cokvur change wa st after the addition of two equivalents of sxiiun 
after the addition of three equivalents of alkal (pH the solution re range 1 
change wa served g the back-titrati and puberulonic acid wast ere 
fr if actd Marger and Lhorre clapmed that the seiutiot mame at 
pil 
( omdewsation of Pruberulon fod Phenyl The (112 mei a phe er 
i famine (60 mg.) were dissolved t sufficient ethanol and heated under reflax for 4 rs, during 
which time a vermil rel crystalline solml (125 mag separated yarred witt t 
beated t t was solatme t Lift sity im water aml organi mt Found 
§ C, 666; 30; requires C, H, 27, 94 
} Puberuliomsc Acid Pyridune om I’ rulonic aced (90 mg) was Heated with pyri ei2 on 
a water hath for 6 hour Excess of pyridine was removed ander reduced pressuz and the residual 
yellow lel wae extracted wit e toy relat ly soluble unchange! puberu ached (10) mig 
leaving an insoluble prodwed (70 mg ‘ rmed low needles, m. p. 257 258 fecomy fro 
glacial acetic acid {Found : C, 56-5: H. 32, N.46. CH,0,.C,H,N requires 554° H. 30; N, 46% 
Acid in mntinwou treat f nitrogen, freed from 
2 cartem dioside an? oxygen, was pases! throwgh a! ng suspension of puberulionic aced mg) in 
| acid (M4) « « arbon droxade ev im the reaction was te juantitat y in 
harturn virounde elution 1) anc atts § hours excess of ar } troxxl! AAS 
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oar brow ta 1 (243 formed t ours reaction was 
acetone ty ¢ a ta llow ‘ p. 315° a r mixed with an authent 
specimen of puberuale ack? (Found 688. H, 32%, F 
Hy deogenation ctv i fead Barger and Dorrer Tetrameti pubes ula 
4 avid (434 was hydrogenated in pure glacial acetic acid at atmosphere temperature and 
tha platinem catalyst Six moles of hydrogen were alrmeorbed and the soluts was lex reer! 
motes The resadue mg tapned } Of The acetic a l onder reduced 
i an treater’ with water (5 and the solution extracted with ether (2 b< Whe the 
4 seous solution was treated with 4-cdinitrophes lramne a hur pre ipitate 
This preapitate was amorphous and 1 ail attermpts purify it were 
fal The ethereal extract was dried and evaporated hiding a heht cured (260 me 
m distillation gave a volatile fraction (100 and a residue which decomposed w further 
heated The volatile fraction was redistilled, it had b. p. 120.-125° m and left only a trace ot 
residue {Found ©, 407; sap. val, 202, 204; active H (Zerewitinoff), 030%. C,H,,0,/CO,CH, 
requires C. 50-5, & aap vai, 22. active H, 
livcarbosylated fod Decarboxwviated a er and 
for minutes The mixture was the buted? wrth water and acniified wit 
acid The clear solution was evaporated u rt reduced pressure at 25° and the resxiue extracted wit! 
ether Ken al of the solvent from the ethereal extract gave a brown resin w h was distilled 
mim.) to giv ght-vellow resin (70 mg The latter crvmmmilised from ether-hght petroleur 
b. p. 4080") as cot ns p. 126-5128" € 634) H.44 OYOCO-CHY, 
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ethereal extracts dried and evaporate to vielt unchanged salicvhe acs 
hydrechiorc acid was added to the mother-hquors whah 
jor 4% hours and extracted with ether (5 « 300 c« T? 

ai, and evaporated, to vield 


A further quantity of 
were then kept at roon temperature 
he combined eal extracts were dined, 
crude gentime aco? ¢ p. 194 


19s”. usually of 
Further purthcation was etter 


in the ester by reerwst sation of 


Aminosalkevhe acx! (Pusedda 
and the sadution cooled 
‘ ‘ was prepare 
ul at O° ar 
on was 
obtaine 
stirred 
which 


this was rer 

24 hor va 
t trom acy 
iwith 40°, glacial acet: and tinally with ether 
lussoived in sulphur 


jtes 
dried et 
ive 
3. 
a-Kes 


Fouad 


colour with 


aid 
6 


¢}, and 
er rethix 
zl 
t Tetmained 
and after 


140° (Pound 


hloricde 
iipbur 


stallised 


which m p 166.—187 

1,,0,N requires 623. H, 50; N 
riac mybenzovi vl x Vien 
ip pl 


a sealed Hershberyg stirrer, and 


2 
irogen was passed through the rapi 
ea were bubbled into water. a 
rogen chiors 
st was removed 
extracts were 
i ! 


an ities 
i partly on pr x 
m benzene ther 


91° 


ydracone crystallised fr 


ound: 493, H. 36 


enraidehyde a) From 2:3 
wtassium acetate (48 were dissolved 
of hydrogen for 2 hours The cooled solution was acwlhified to ( 
sulpharic acu (30 c.c. of 2x.) and kept at O° for BS hours. Sodium sulphate was separated b 
and the filtrate extracted with ether (5 » 50 « The extract was dried 


vacuo, leaving a black tar This was dried by distillation with benze: 
ether (1im « Removal of the et? 


the soiven ‘ 
e and again extracted wit! 
f her gave a lemon-vellow solid (200 mg) whi was further pm 
by sublimation at 130° 10°? mm_, giving a yellow micro-crystalline solid, m. p 
mixed with the product prepared by persulphate oxidation (sce below) 
fb) From a-vetor idchvde Resorcylaidehyde (22-5 1 mol 
hvdroxitte (32-6 (5 mols) in 450 of water 
through it for seme time 
during the course of the 


fecomy 


was dissolved in aqueous sodiu 
which had been freed from air by 
The solution was warmed to 35—40 
experiment 


passing nitre 
and maintained at this termperatu 

Potassiam persulphate (48 ¢.. 1-1 mols.) was added in portions 
uring 3 hours, the reaction mixture rapidly becoming deep chocolate-browt The muxture was set 
aside at room temperature for 36 hours, and then acidified with concentrated hydrochloric acid until 
just acid to Congo-red. The copious chocolate-coloured precipitate which separated was collected 
(18 @): it was mainly unchanged starting material The mother liquors were extracted with ether 
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acid chloride gave 2: 3°: ecrvetallisation 
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from time to time After 5 formed, the theoretical amount 
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(3 « and the extract gave a further email amount of unchanged starting material Concentrated 
hydrochlorc acid (150 <.c) and ether ($00 ««.) were acided to the aqueous layer, and the mixture was 
weate!d under refigx on a water-bath at 70° for | hour. The ethereal layer was separated, dried, and 
clarified with charcoal After removal of the solvent the dark-coloered resxlue was extracted with 
boiling benzene, and the benzene extract oe cooling deposited a small amount of yellow crystallhne 
material (20) ing Further extraction of the mother-lique th chioroform'(4 3 ¢.¢.) and removal 
of the chierotorm wader reduced pressare gave seoomd cre crude material (20 mg Puritication 
by sublimation at 130° 10* mum. gave a yellow micro-crystalime sold which charred at 160° and 
decomposed at 187° (Pound C, 549, H. 40. C,H,O, requires C, 54-5. H, 3-9%) 
The aldehyde gave an Glive-green colour with fernc chiorxde and a wine-red cobvur (pyrvhem salt) 
with whydroxsyacetophenone under the conditions used in anthocyanin synthesis Rotunson and 
Todd, J., 1042, 2295 The 2: p 235° (decomp.}, was very sparingly 
soluble in the common organ solvents (Found 168. C,,H requires 16-68%, 
2-Hydroxy-3 Aad acid (500 mg) and methyl 
sulphate (6 c.c.) were stirred vigorously daring dropwise addition of 5%, potassmm solution 
The addition was carried out at sach a rate that the solution remamed acel to htmus A shght excess 
of potasssum hydroante solution was then added and the mixture heated at 70° for 1g hours The cooled 
mixture was acidified with 3s-hydrochiorte acet and contusucusly extracted with ether for 6 hours’ The 
ethereal extract was dried and then decolormed with charcoal, and the solvent removed m naene 
viekling a brown soled After two recrystallisavions from water this gave colourless peedies, m p iss 
547, H. CH yO, roquires ©, 545, H, & 1%). The acted gave a deep greenish-bine 
ferric chiorule reaction This aod appeared to be identical with the acid 
obtained by Calam, Clatterback, Oxtord, and Raimwtrick 1067. 41, 458) in the course of ther 
degradation of methylate! geodin 
Ethyl Diacetylgentisate gentinate (21-5 g Juch, 1905, 86, $41) was dissolved in 
metic anhydride (115 <<), concentrated sulphame (2 cc) added, and the muxture set aside at 
room temperature tor 36 hours solution was poured inte ice-water (400) cc.) and set asite m the 
wechest: the ail which separated deposited ervstals of the d acetyl ester (27-0 whech had 
» 695° after trom helt petroleum (b p Pound: C, 66-6; H,&2; 
CH requires ©, S87. 53; O-Ac, 32-3% 
Pthyl 3-N — Ethyl diacetyigentisate (14-5 ) was added in amall portions danng 
minutes to well-stirred fumung (14-3 « 1-5) mammtamed at by we cooling After 
addition was complete, the mixture was set asude for 40 minctes and the temperature allowed to mse to 
The musture was then poure n crushed ice, whereupon the stvo-ester separated as an amorphous 
solid Crystaltisation from 50%, ethanel (charcoal) yielded fine lemon-vellow needles (7.5 m 
(Found: 493, H. 40. N requires 4905 41) NLS 
3 Amino 2 acetyl gent: sale he foreg g urtro-ester (5 ¢.) was dissolved in 
aod hydrogenated ueing a Kaney neckel catalyst (3 | at atmosphers pressure 
which was sightly ian exoews of the calculated vaine tor the hydrogenates of 
atmine-group, Was complete in 2 hours After the wine-red sodatnan had been decolorised with charoual 
methanol was renewed to yield the (3-7 as golouriess plates, m. p. 140 
after crystallisation from methanal (Found C, 864; H, &2; N, @@; O-Ac; 214. C,,H 
requires 542, HL Ac, 
fisation and Hydrolysis of Ethyl above amimo-ester (1-25 
in acetx ¢ was stirred inte a mixture of sxhum nitrite (06 
aeentrated salphurk a 7 the temperature being kept below 15° by external coolme 
mixture was allowed to warm to room temperature, and after 30 manutes diazotisation was complete 
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ry coupling tests with eresercyhe acd The solution was dilated with an equal volume of 


wided dropwise to bashing sulphuric acu! (50 « oo", 10 minutes After coolme 
the solution was continuously extracted with ether for 6 hours, and the ethereal extract dmed and claribed 
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(Wl), although a final between th sul ar nevi ruct ontaming a rather than 
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work on the structure of the ow ald products puberulic and puberulonic acids 
(Birkinshaw and Raistrick, Biochem. 1932, 26, 441. Barger and Dorrer, 1934, 28, 11) 
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suggested that they had the molecular formule C,H,O, and C,H,O, respectively, but in Part I 
of this series (preoeding paper) we amended the formula of puberuionic acid to ChH,),. The 
properties of puberulic acid as outlined in the previous paper indicate that rt contains a carboxy! 
and three enolic groupings, but no direct evidence has been obtained for the presence of a free 
carbony! group. It is apparent that the puberulic acid molecule must contain therefore the 
equivalent of five double bonds if the remaining oxygen atom ts present as an ether linkage, or 
tour double bonds if it is present as a masked carbonvl group. The nature of the ultra-vwiet 
absorption spectrum (preceding paper) and the facts that puberulic acid neither absorbs bromine 
from an acetic acid solution nor forms an adduct with maleic anhydride eliminate possible 
open-chain structures. In any case, the accommodation of at least four double bonds in an 
open chain of seven carbon atoms (allowing for the carboxy! group) would require the presence 
of acetylenic or cumalative ethylenic linkages, : 

Important evidence on the nature of the cyche system present in puberulic acid has been 
gained from oxidative degradation. Except for carbon dioxide, no identified products had been 
previously obtaimed from the oxidation of puberulic acid with, ¢.¢.. permanganate, chromic acid, 
neutral hydrogen peroxide, alkaline hydrogen peroxide, or kxtine and potassium hydroxide 

Barger and Dorrer, / f We have repeated the oxidation with alkaline hydrogen 
peroxide and have obtained aconitic acid in 40%, yield; the identity of this product has been 

rmed by direct comparison with au authentic specimen and by its hydrogenation to 
tricarballvlic acid On the other hand, oxidation with nitric acid gave only oxalic acid 1 


mole) and carbon dioxide, and ozonolwsts gave carbon dioxide (5-2 moles) with a small amount 
af unidentified non-volatile acidic ressdue mation of aconitw acid establishes the 
relative positions of six of eight carbon atoms of puberulx 
ach’, and the molecule mav now be re presented as ‘f \ ox 
membered rng in puberulic acid would aecessanly be benzenvid, 
and benzenoid stractures have already been shown to be unten- 
able (preceding paper), Thus, if the acid is monocyclic, there 
must be present cither a five-membered or a seven-membered 
ring, and, since structures based on these systems could not 
accommeadate the equivalent of four double bonds, the unplaced 
oxygen must be embodied in an inert carbonyl group rather than in an ether linkage Thos 
argument also climinates structures contaiming an oxvgen-heterocyclic rng A further 
theoretical possibility would be a formula based on the hieycle 0: 1: 4)he ptane system, but no 
reasonable structures can be devised which are derived cither from this bicyclic swstem or from 
a monocychc five-membered nung and at the same tume account for the formation of aconitic acid 
by oxidation. Of seven-membered ring stroctures based on (1), the only possibility is (I]) (or 
one of its tautomeric forms), according to which the acid ws formulated as a dermwative of cvelo 
heptatrienolone (tropolone ill 
The occurrence of tropolone derivatives in Nature is now well established, ¢g., the 
thujaplicins (Erdtman ef al., Nature, 1948, 161,719; Acta Chem. Scand., 1948, 2, 625, 639, 644), 
eolchicmne (Dewar, Nature, 1945, 155, 141, 470; Arnstein ef al., J]. Amer. Chem. S 1448, 70, 
1669; Lettré, Angew. Chem., 1947, 59, A, 216}, and purpurogallin (Barltrop and Nicholson, /., 
1948, 116; Haworth, Moore, and Pauson, iid., p. 1043) which occurs as its glucoside, enophyesin 
There js also evidence that stipitatic acid, a mould product of Memcilliam stipitatum | Birkinshaw 
Chambers, and Raijstrick, Biochem, ]., 1942, 36, 242). is a hydroxytropolonecarboxylic acid 
Dewar, Nature, 1945, 155, 50; Corbett, Johnson, and Todd, unpublished work), and indeed 
Dewar (Joc. cit.) has suggested, although without any experimental evidence, that puberulic acid 
might be a hydroxystipitatic aad 
Characteristic features of the various tropolones hitherto examined have been (i) the inert 
carbony! group which gives no characteristic reactions, (i!) the formation of substitution rather 
ihan addition products with bromine, and (iii) the formation of benzenoid derivatives containing 
one extra carboxy-group on fusion with potassium hydroxide. Keactions (1) and (ii) are shown 


on (cH) 


(it) 


by puberulic acid, but the potassium hydroxide fusion has so far failed to yield an aromati 
product. The acid is unchanged by potassium hydroxide below 320°; above this temperature, 
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gas is evolved and consaterable charnng occurs, but no tex ognisable product has been wolated 
In this connection, it is interesting to note that, whereas y-thajaplicin IV) was converted with 
potassium hydroxide into p-tsopr ypvibenzox acid at 257 Erdtman ai 


ioc. 


into a-naphtheic acid at 185° ( ook and Somerville, Natwre, 1949, 163, 410 
atipitatic acid. a monohydraxytropolone derivative required to be heated to 300° to give 
acid Birkinshaw, Chambers, and Kartrick 
stability of puberulic acid, a dihva 
unexpected. 


loc. est.j, so that the relative 
roxytropolone derivative, t ywards potassrum hydr Mot 


Perhaps the most interesting aspect of the structure 11) for puberulic acid is the manner in 
which it explains the relavonship be tween puberulic and puberulon. uls. We have shown 
foe, et.) that puberulomic acid, on being heated with dilute sulphuric acid under reflux, 15 cor 
verted into puberul acid with evolution of carbon dioxide C,H,O, H,O + CO, 
It is now found that this change occurs even on heating the a id with water at 100° and thus 
of a potential 6-keto-acid structure in puberuion 
demonstrat “xistence of a4liketone and lactone groupings 
and we how propose structore i 
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i molar equivalent of cart boxkle, 14 The yellow crysta: soled (170 formed in the 
course of the react eas separated and wit » further amall quantity of sold tained by 
ntinuous extract ft trate for Shours ture. m. p. 308°, was recrystallised from 
Pubers fread awvth Hrydros Puberulic acwl (2) mag water (5 arn! 
potas Le were heater] in a salt-bath at 240 and a turtth juantitv of potassium 
hvelrowide (1 @ ) was added t ase the fluiditw. The bath temperature was slowly raised to 300°, the 
mett re ‘ vel and tret \re t at i? t melt was cooled 
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t te reac ti material was xtentical with that puberuli a 
eval ated te dryness at 13 ami the solid residue remaining was conti 
2 
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Osidathion of Pubzrelu Aad Hydrogen Prerosde Puberule acul (56 me) was dissolved im 
bydromade (11 hydrogen peroxide (4-0 ¢.c. of added. and the mixture set astde for 
urs at room temperature, whereupon the solution changed from o red to codourless 4 
lution was act 


hydrochloric acad (12 cx evolution of carbon dioxide), and the 

olourless, rather gummy residee was Continucasiy extracted 

iry ether for 0 hours and gave. after rew 


val of the ether in eaowe, a white sols 
was effected by repeated 


with 
ver- light 


va by recrystallisation from 2x-hydrochiorc acs wfuct 
prisins, m. p. 187--189° (decomp ), which had 186-187 ixed 
authentic aconitic acid (m. p. 186—187 Found: 41-8; H, 35%; equiv. (titration 
for C, 414; H, 35%; equiv., 58 
above act gave, under the conditions of the flaorescein reaction with resorcinal 


ha pale greentsh-yellow fluorescence in tavlght and a beautiful sky-Diue 
light, identical with tt observed waing authentic aconitic acid. With 


fluorescence in ultra-vic 
pyridine and acetic anhydride it showed the sa series colour changes as authentic aconitec acid 


ve 


Ondahon Product. —The hydrogen peroxide oxidation product 


and hydrogenated at atmosphere pressure using Adams's 
hyd uptake was slightiv in excess of that culated for ‘ 
ur e methanol was remove il which 
Recrystalissation from edt tricarbalivhe acid 
mixed with authe treearba 163 thad m. p 148 
ofirmaty of the entity was provided the colour observed 
«i precisely with at shown by an authenti« sp 
id Oxidation of Puberu desd —Puberulic acad (50 mg.) was heated with distilled nitric acid 
2c.) at 100° for 2 hours. Copious brown fumes were evolved and the mixtu nged tron 
red to pale brown It was evaporated to dryness at 100 , and water (2 « a se. which 


was azain taken to dry process Was ret 


ated three tames, the last 


ved m race obvurtess solid resedue (20 mag This resed reaction 
hioride t jour with dipt ylamuine. and decolonsed potassium permanganate 
ly warmed m was efiocte tbiimation at 2 mm. and viekded 
7 LSS", showime ‘ression on admixture with aa authentic specamen 


i i Pwherulic Acid —Ozonized oxyeen was passed through a s naion of puberulic acid 

water (40 cx and then thre . dard barium hvdroxide t dissolution of the acid 

te (3 days Carbon dioxide equivalent t ) nols. per mol { puberulic ackd was evalved 

acah clear solution was nu c. of ls-alkali and decreased to of 

iN-alkal after oz Steam-distillatios showed that none of the titratable aculity 
was due to volatile aculs, nor did the distillate give any rea m with Hrady s reagent Evapytation of 
the ozonized solution gave a small amount of ap acidic gum (10 mg.) which gave no charactenstic colour 


reactions and was not further investigated 


authors are grateful to the University of New Zealand for a Shirtclitle Research and to the Counci) 
‘ 


ntific and Industrial Research of New Zealand for grants to one of them (RK. Eb. ¢ 
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3. Ketonic Products of the Oxidation of the cis- and trans-Forms 
of Ricinolere Acid. 


Considered in relation with the author's work on the autoxidation of the unsaturated 
fatty acids 


W. 


The hitherto unknown cis-1]-Aetoke acid (A-keto-oleie acid) and its 


mer \A- ketoelard acid) have been prepared by the chromic acu! oxpdation of ricinolet 
ricinelaniw acid, reap both of these aceds containing By-olefinic ketone grouping 
have bees formed. thr mmon hydrogen bromide additive product, 9-+rom 
acid acd inte the transform of their 


aB-isomer, acid Some of the properties of these 
compounds have been studied, particularly the quantitative nature of thei alkaline hydrolyees 
Their reactions with semicarbazide have been stadied and special interest attaches to formation 


from A-keto-oleic acid, of a peroxide simultaneously with an epory-derivative 
} 


Tue main purpose of these investigations was to throw further light on the formation of 
unsaturated ketone groups during the autoxidation of the mono-unsaturated fatty acids 
The products obtained from oleic and elaidie acid, after an oxygen uptake at 60 70° of about 
20% by weight, contained only a low concentration of these unsaturated keto-acids, but 
contained substances regarded as resulting therefrom, such as claidic acid oxide (m, p. 55°5°) in 
nearly 40°, yield with its monoacy! derivatives, and oily, resinous polymers. The amount of 
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these substances became inapprectable when it was found posible to bring about antoxidation 
at 45.50 In their place appeared »- and «-keto-cleic acids, or their frams-isomers, as the 
main autoxidation products (Filis, Biochem. ].. 1936, 30.753. 1950, in the press 

The existence of different isomers of these keto-acids and the appreciable chain degradation 
found to accompany autoxidation led to the formation of a complex mixture of these bodies 
fram which mo pure product can, with certainty, be regarded as having been isolated 
The present study of similar coxnpounds, obtained in a pure form from ricinoleic and 
reinelakhe acuis, confirms the evidence for the presence of the unsaturated ketonic acids as 
2 axidation products of the mono-unsaturated fatty acids, similar ketone formation 
has been observed for l-emethylyclohexene (Dupont, Hull. Soc. chim, Helg., 1936, 45, 57; 1937 
4, 21; Cook, J., 1938, 1778 It was realised that carefully controlled oxidation of ricinolex 
and ricinelaidic acids should afford acids contammg Sy-unsaturated ketone groupings in crs 
and frons-forma which by the catalytic action of acids and alkali might undergo tantomern 
change to the respective icf. Kon ef al, 1923, 1361 etc,; 1926, 2128 However 
the frons-aG-form was obtained from both the cs- and the fvans-Sy-form by way of the hydro 
brome acted additive product of the latter icf. Blame, Mull, Soc, 33. 40 

a- Keto-olewe, m. p. 39°, and -elandic acid, m. p. 73°, have now been prepared byw the onidation 
of ricinelete and ricinetandic acid, respective! with chromic acid below 15 Both keto-acids 
have waluece lower than the theoretical and, although the latter acid is rflectly atabl« 
the former rapidly autoxwlises im air, even at At room temperatures A-keto-oleie acid 
3.4 atoms of oxveen with evolution of carbon dioxide, to semi-solid 
mass containing up to 12°5°%, of a peroxide (calculated as a per 
active oxygen atom), an appreciable proportion of d-Aeloes , Mm. 25° (2 : 4-de 


p. 119 and only substances giving reactions pointing to $-keto-acnd 


formation The instamity of the unsaturated ketones has usualiv been attributed to 


mide of Keto-oley ni with one 


polymermation rather t to autoxidation, but explosive products ha om been 
observed (Fecott aod Linstead, /., 1990, 905), sugwestive of the peronice wmation observed 
im the present studies 
in the present study of the autoxadation of olete and elaidic acid 
varying amounts of peroxides were formed at te mperatures between 45 
lower temperatures high yields of the unsaturated keto-acids were obtain 
of their decomposition into ‘ resinog ths which form the 
prxducts at higher temperatures At all temperatures withi ‘ 
m. p f was also formed from both oleic and elandic aced [1 imum vield at 60 
with a oo mus evoluts f carbon dioxid andl water rhe lye tracts isolated wave 
marked enol reactsons and vie ice arty on hydro tha keto-acid formation 


autoxidation 
eve and celal humin formation 


the aut i em ‘ im, 1050 


Keto 
{. Matwe, 


phe fear 1 im geexl aqueous potassium 


carbonate he ptadec-§ idm p. contaming an 
«S-unsaturated keto-g arc yosidered! to form by analagy with the findings of 
the autivors 
Alkaline hydrolysis o olex and -elarnd« nl afforded a 40% yield (theory 43°.) of 
vi methy! ketone we ise f which was fa by the use of a simple still-head 
1950, vw ot! ty «nualdehyde of sebacic acid, was not 
isolated © it appeared to have polymerised u t action of the alkali. Since methyl hexyl 
btarmed tu very sumular viekts b aline ty) years of both the cis- and the trans- 
form of the Syisomers and from the frans-form of the a$-isomer, it seems probable that the 
first two aciis isormerme under the influence of alkalis (cf., ¢g., Eccott and Linstead, 
doe. ont} 
Condensed with phenylhydrazine and then treated with salpharic-nitroas acid, al) these 
olefine-ketonic acids gave an intense purple pyrazoline dye. This reaction was previously 
regarded as specific for aS-olefinic ketones, It is a marked reaction of the oily products 


Retone WAS 


i t seer kely that for t! process 
there defini > oiefinic keto-acul fy ket peronxt le 
peroxidation product inciucdhng an epoxide, diode, and water with other 
peron {ation ye 
and claude acid absorb hydrogen bromide in dry carbon tetrachloride solution 
‘ 
home, 1905. 33, 40 and Linstead, / +f.) to form the same 


the cis- and trans-Forms of Ricinoleie Acid. 


obtained by the autoxidation of the mono-unsaturated fatty acids and is given by a linseed oil 
film which has been exposed to the air for a few hours at room temperatures 


EXPERIMENTAL. 


A- Keto-oleic 11 ptadec Acid from Ricimolexe Acid —A solution of recently 
prepared riciolesc ach! (6 ¢) im acetic ackt (0) mi) was cooled with occasional stirring #0 as to 
crystallise a large proportion of the acetic acnl without causing the mass to set and so hinder the next 
operation Chromium trioexikte (14 in a muntmum of water and acetic (100 ml.) was added with 
Vigorous stirring, and the mixture was set aside for 2 hours at room temperature It was then mixed with 
half its bulk of powdered ice, and the solid product was allowed to separate over a clear lower layer 
The solid (which should contain a large proportion of tce) was washed by suction with ice-cold water 
until colourless. It crystallised trom 80%, ethanol at @” im long, thin plates (16g), m. p. 39° (Pound 
C, 72-9; H, 107%: LV. 56. requires C, 72 H, 10-90%; LV. 85-7 

Keto-oleve acid ts very soluble in all the common organic solvents and crystallises well from leht 
petroleam. Filtration of its solution in this solvent serves to remove possible traces of the epoxide 
described below. This acx! is very unstable in air, absorbing oxygen to form a peroxide and other 
substances (see below Although it clearly reacts with semuicarbarnie and with 2: 4-dlimtropheny! 
hydrazine, no pure derivatives have been isolated It wives the following sensitive test About I me 
is heated for a few seconds with an equal bulk of phenvihydrazine on a sinde and the cold product is 
rubtsed inte a smear with a small drop of sulphurnc acid A few crystals of wxirem nitrite are allowed to 
react completely with « drop of sulphuric acd. On causing these two smears to run together, an iotense 
bluish-vielet mass ts obtamned 

When boiled with water or diluted salphuric acted, or when heated alone at 100° for an hour, A-keto 
oleic. acid gives a vellow oil 

Alkaline Hydevolyss of A-Kete-olex Acid —Siow distillation of this acid with 0-03N-sodium hydroxde 
in the apparatus referred to above, gave a 40°, yield of methyl hexyl ketone (semicarbazone, m p. and 
mixed m. p. 121°), bet the yields fell off with an increased concentration of alkali 


Methyl hexyl Yoeld 

Wt. taken, ¢ Alkali. ketone, « 4 
1738 NaOH 
2087 x-NaOH 
m 10%, KOH 
1958 10%, KY O, 


A blank experiment with pure methyl hexy! ketone in the same apparatus gave a 90%, recovery, and 
the yields have been corrected accordingly, as shown im the last column. With the more co trated 
alkah the hydrolytic reaction appears to be replaced in part by polymerisation Aculihcation of the 
predocts remaining after distillation of the methyl hexyl! ketone resulting from the leas concentrated 
alkatine hydrolyses gave, apparently, polymers of sehacte acid seraialdehyde as semi-solid oils Found 
eqaiv 186. Cale for (C,H,,0,). equiv This equivaleot rose to 240-260 when more 
concentrated alkali was employed. furnishing some evidence that the lower yield of methy! hexyl ketone 
was caused by polymerisation of the olefinx keto-acid No Schiff's or other aldehwdic reactuen could be 
obtained, either before or after boiling these oils with dilate sulphoric acid, nor cx uld anv sebacic acad 
te detected after theu oxidation with potassium permanganate In such respects these stocky ofls bear 
a close analogy with the polymerised product which King (J., 1938, 1826) obtained by the action of 
alkali on azelax 

A-Keto-elard food. Rieinelawicc ackl, m. p. 52°, was 
prepared by exposing a layer of rx slice acid to nitrous fumes tor about 2 days and purifying the 
product with dilute ethanol This was oxidised with chromic acud in acetic ace] wn the manner described 
above The erude product, however, was crystallised from 909%, ethanol at room temperatures 
unchanged ricimelaidic aced being retained in the muther-lquors. A-Nelo-clatdi aud (30%) crystallised 
from ethanol in rhombic and hexagonal plates, m. p. 73 Found C, 72-9; H, 10-89%; 1.V., 68), and 
gave a semuarbasone, m 94° (Found: N, 124. C,,H,,O,N, requires N, 11-90%, The acid was 
stable in air (durmge some months) and gave the pyrazoline te at It also wave a reddish orange colour 
when treated with the phenylhydrazine and sulphuric acid alone. It was much more stable towards 
heat than was the cs-isomer, suffering only slight change during 2 hours at 100°, and afforded, though 
more slowly than its isomer, a 41%, yield of methyl! hexyl ketone on hydrolysis with 9 05N-sadiam 
hydroxade 

Bromo-\ Acid.—A-Keto-oleic (jor elandic) acul in carbon tetra 
chiorme (10 mi.) was saturated with hydrogen bromide and the corked vessel was left in a cool place 
The 11 acid which separated was crystallwed trom a hitered, hight 
petroleum solution and then from carbon tetrachioride or 90%, ethanol It formed rods with potted 
ends, often appearing as plate-like bundies (1-1 g.), m. p. 68° (Found: C, 572, H, 86. Hr, 22:2 
C,,HyO, Br requires 57-3; H, 88; Br, 21-2%) 

trans-1! Actoheptadec-9-ene-\-carborylic Acid.—The bromo-keto-acid was heated for 2 hours at 10° 
with 10°, aqueous potassium hydrogen carbonate After aciitfication the solution was extracted with 
light petroleum, and the residue left on evaporation of the selvent was crystalhend successively from 
carbon tetrachloride (norite) and from ethancl. | <arboaylic acid 
in well-defined hexagonal plates, m. p. 50° (Found. equiv, 207; LV., 24. C,,H,,.O, requires equiv, 
206; IV, 867 A low iodine value has been observed for af-olefinic ketones (Eccott and Linstead, 
joc. cit.). The acid gave a marked pyrazoline colour reaction, and with sulphurous acid gave a stabie 
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ett. Hydrotysis of the acid with hydroxide gave a 32.5% yield of methyl hexy! ketone 
Autontlatron of this umier investigate 


4) Specimens of A-keto-oleic acid, left m loosely « 
veral months, bec asor sticky i 


tubes for 
and ompletely below 


The perossde values ranged 
m 43 to 125% (calc. as « peroxide of the original acid Extraction of the tube contents with hght 
k Jeam gave ap wastable ody product of 17% peroxide content, which resisted further purification 
The soled left after the extraction with light petroleum was extra ted with acetone, and the sciution 
tered and evaj«itaterl Phe ae eided an eposide in the form of weil-dehned hexgena! 
acd, m. p. 112-5° Found: C, 

Cy HO, requires C, 69-2 H, equis 


ethagut 


crystallised in plats, m p. Lip } Il” 
Attempts to prepare semxarhasone yu ied an 


yellow 
nearly inedable m ethanol (Fund i823. 


Texquires 
bamount a» 
lim smaller ars 


means of its 


preparation of A-kety 

er-liqeors from A-keto 

sparing sclulsiity in lakewarm light petroleam 

<es this compound may have acquired its epoxy-group by autoxidauica 
chrome aced oxtdats 

\-Keto« « acid was dispersed on a small, of of filter 


} 
iin the opp lin ta 


dew? 
preparation 
ven prepared from these 


od the rictmolese: acul used 


‘ 

paper (36 “j. cm 

on a little saturated aqueous barium at the 

n and the t ted with & magometer and a source vol oxygen 
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with ratios unsaturated fatty 
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4. The Seed Fat of Parinarium laurinum. Part J. 
Component Acids of the Seed Fat. 


J. P. 


acods Parinariem have been exa 


beanies partnaric ack! rey ‘ t earber workers, sab«tant 
r propertions of palmitic, steari 


adios aculs The kdentitees of the unsaturated acids have beer 


ancdt olew with min: 


Lestab 
values are presented for the determination of 
alkali momertsation onder the conditions used 
i haoleve acids. The mean composition of 
the component mixed fatty nples of oil from seeds collected in the Fiji Islands 
bas been shown ty low temperature crystallisation and spectrographic methods to be: palmitic 
4, stearic 1, olew 7 lincles 2 


2, conjugated octadecadienor 1:5, welacostearic 3-5, and 
parmark ac ul 53 5% wt 


mina tion Spee trographx 
pearmmark and fee 


ite behaviour to 


the analysis mtair 


a rf tw 


Paxtnagtem LaveineM, belonging to the family Rosacea, is a tree of moderate size, about 3 feet 
in girth and 30 feet high. It grows in Papua and New Guinea, Java, Borneo, and prolifically 
on the sea front and river valleys of the Fiji Islands, he tree bears ovoid fruit resembling 
potatoes and varying considerably in size; these are greatly valued by the natives for medicinal 
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and other purposes, and are known by a number of native names, the principal of which are 
Makita (Fiji) and Kusta (New Guinea 

The fruit itself consists of a light-brown, very fibrous shell abonat 3)" thick, comtaining a 
moist, pink kernel. Farmer and Sunderland (j., 1935, 759) found 44°, of oil in the kernels 
In a private communication Mr. G. Winter writes . “ We had obtained a parcel of seeds trom 
New Goinea, which contained seeds which had been collected in various areas of the territory 
Examinin, individual seeds we found the oi] content to vary from 3°, to 40 { the kernel, the 
majority being betwoen 20°, and 35°,. There was also great difference between individual 
seeds in the shell : kernel ratio. So far, we have not been able to distinguish between high and 
low oil-bearing seeds according to general appearance, size, or shape. According to Mr. Par 
ham of the Department of Agriculture, Fiji, four varieties of Parinariem are known 
all of which bear sinular fruit, but differ in the shape of the leaves The properties of the oi 
and its actual and possible uses have been discussed in two repent reviews (Anon,, Pact Vanuf., 
1945, 15. 356: Winter, Nunn, and Ward, Paint Now fuwefral., 1048. 3. 305 

The chemical composition of the component acids of the on was first examined by Tsujimoto 
and Koyanagi (/. Sec, Chem. Ind. Japan, 1933, 36, 110, 673), who crystallived the mixed fatty 
acids from light petroleam and isolated an acid of melting point 85-—86°, which they named 
parinaric acid but considered to be a geometrical isomer of elacostearic ac id The same acid was 
also isolated by Farmer and Sunderland (Jor. cif.) in 24 yield from the mixed fatty acids of 
the oil These workers were able to show that, on hydrogenation, parinaric acid absorbed 4 
molecules of hydrogen, vielding stearic acid. COnidation by alkalinet permanganate yielde d 
azelaic, propionic, and oxalic acids, they therefore concluded that parnmanc « id is octadeca- 
9:11: 13° 15-tetraenoic acid.* These findings were later supported by Kaufmann, Baltes, and 
Funke (Fette a. Seifen, 1938, 45, 302), who showed that the altra-violet absorption spectrum of 
parinaric acid was very similar to that of decatetraene and conc juded that the acid contains four 
conjugated double bonds 4 

More recently the absorption spectrum of the mixed fatty acids from the ot) has been 

mined by Winter (Pam! Nolte ductral., 1948, 3, 393) who concluded that, besides par:mar« 

we. there was also present about 44 of a conjugated trienoic acid-—probably 

a-clacostearnic acid 

The present part of this work has as its aims the identification of the component fatty a ids 
present in the oi, and their determination Three samples of oi have been studied, two of 
which we extracted in Australia by Winter, and a third which was extracted in Liverpool 
from seeds collected near Suva In Table I are given the physical constants of the oils, together 
with those reported by other workers 


Taste 
Sam ple Itt 
% of oil in dry kernels 
15480 
Free fatty actd rhea 
val 
I val. (Tomes 255-8 
Unsaponifable matter, 115 
© 2 cc. of Wijs reagent (200% excess) on 61 g. of fat, reaction period, 30 minutes 
* Ath *Atls 4 Wijs reagent (200%, excess) for 1 hr. at 20 
I. Seeds collected near Sava and extracted in Liverpool 
1k. Ov extracted in Australia from seeds collected near Suva (Fi) 
ILL. OU extracted in Australia from seeds collected in Fiji 
IV. Tsujimoto and Koyonagi (loc. ot) 
V. Winter's (loc. cet.) seed collected near Suva 


There thus seems to be reasonable agreement between the values recorded by the various 
workers, for all the constants, except the free acidity and iodine values The free acidity 
depends greatly on the maturity of the seeds, and their method of collection and storage, and the 
iodine value varies, when unsaturated acids having conjugated double bunds are present, with 
the reagent used, its excess, and the time of reaction, 

Pure parinaric acid, m. p. 86°, has been isolated by repeated crystallisation of the mixed tatty 
acids from light petroleum and ether. The acid has been subjected to acetone-permanganate 
oxidation, yielding azelaic acid as the sole dibasic agad, which confirms the structure for the acid 
proposed by. Farmer and Sunderland (loc, cit.). The ultra-violet absorption spectrum of the 


* In this paper numbering is according to the Genevd system, the number | being assigned to CO,H 
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acid (Pig. 1.) agreed fairly well with the observations of Kaufmann ef al. (loc. at.) and Winter 
of.) (see Table 11 


Tasce If. 


Absorphon spectrum of parinanic actd, 
Ames 

215 


Present work 
Kaufmann ef af (ice 
Kaufmans & Keller * 
Winter (lee. cit) 


293 
1948, BL. 152 (in heptane). 

The isolation, in a pure state, of the triene acid present in the mixed fatty acids has not 

proved possible, either by crystallisation or by chromatographic adsorption on silica gel. 


The 
Fro. 1. 


Fic. ? 


Absorption spectra of amhvdride adducts. 
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dudheutic a-clae 
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difficulty of separation is largely due to the extremely labile nature of the pannaric and trienc 
acids, and partly to the comparatively small difference im solubility 


76° { 


Nevertheless a concentrate 


onjugated tnene with 16°, of ac hes boon 


crystallisation This acid shows an 
lengths as «-clacostearic acid (Pig. 1 


obtained by 
absorption spectrum having maxima at the same wave 
The methyl! ester of the concentrate on oxidation by 
vielded azelaic acid as the sole dibasic acid in amount 
considerably greater than would have been yielded by the parinaric acid preseut. The triene 
ack! must therefore have its double bonds mn the 9: 11 aru thus be either 
acid of a fransisotmer thereof as clacos’ cart 
proved by its conversion mto 


means of permanganate in acetone 


13- positions 


Its identity acid has been 


its maleic anhydride adduct, which after crystallisation from light 
petroleum had melting point 62°, and did not depress the melting pomt (#2—63") of an 


The absorption spectra of the two maleic anhydride adducts were identical 
Fig. 2) Parinaric acid, when treated with malen 


anhvdride under the same conditions, 
viekled only a brownish resin, insoluble in light petroleum 


authentic specimen 
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A small amount of conjugated drenow ack! also occurs in the mined acids, as shown by a 
maximum in the absorption curve at 234 mu. It has not been possible to obtain a suffeiently 
high concentration of the acid for it to be identified, but by analogy it is probably octadeca-9 : 11- 
dienoic aad. The spectrum of the: mixed acids has been examined without success for the 
presence of conjugated pentaenoic or more unsaturated acids 

The non-conjugated unsaturated acids present have been shown by conversion into di- and 
tetra-hydroxystearic acids (by oxidation of concentrates of the aads with dilute alkaline 
permanganate) to be the normal oleic and linoleic acids occurring in seed oils. On bromination 
of the concentrate in ether, no insoluble hexabromides were obtained, agreeing with the findings 
of Hilditch and Riley (J. Soc. Chem, IJnd., 1946, 65, 741) that linolenic acid does not coeur in 
the presence of a-elaeostearic acid. 

The principal saturated acid present in the oil has been shown-—after hydrogenation and 
fractionation of the methyl esters of the mixed acids—to be palmitic acid. Small amounts of 
lower saturated acids also occur in the oil; these have not been identified, but are probably 
oxidation products of the parmnaric ace 

The compositions of the mixed acids trom two of the samples of oil have been determined by a 
modification of the methods used by Hilditch and Riley (Joc. ett.) for the examination of oils 
containing claeostearic acid. The mixed acids were resolved into fractions by crystallisation 
from light petroleum and acetone at low temperatures, before spectroscope examination, The 
parinaric acid was determined by the absorption of the alcoholic solution at 305 mu. After 
allowance has been made for its absorption at 270 mu. (band-head of a-elaeostearic acid) and at 
234 mu. (band-head of conjugated diene), the elacostearic and conjugated dienoic acids were 
determined. Similar corrections were applied to the values obtained by alkal isomerisation for 
the determination of linoleic and linolenic acid. Values used in the calculations, determined 
with pure parinaric acid, are given in Table 11) (values used in the calculation of results are given 
in bold type). 

Taste IIT. 


for pure parimaric acid. 


at 234 270 mp 291-5 BOS 320 
Untreated 536 386 2624 240 
Alkali-treated, 170° /15 mins wee 

Alkali-treated, 180° 460 mins 910 - fal avs 


Saturated acids were determined in each case by the Bertram method (7. deutsch Oel Fett Ind., 
1925, 45, 733) and palmitic acid by fractionation of the hydrogenated methy] esters as proponed 
by Gunstone and Hilditch (J. Soc. Chem. Ind., 1946, 65, Sr). 

From the. data obtained the component fatty acids (excluding unsaponifiable matter) of the 
two oils have been deduced (see Table IV) 


IV. 
Component fatty acids of Parinarium laurinum (eacluding unsaponifiable matter), 


Sample (from Seva). Sample II! 
Palmitic +. stearix 
Olex le 
Linolex 
Linolen: 
Conjugated octadecadiencic 
a-E lacostearn 31 
Parinaric .. SI 


From these figures it will be seen that there is comparatively little difference between the two 
oils, although the proportion of parimaric acid is rather variable. The analysts confirms the 
deduction made from bromination, that linolenic acid is absent. It is thus evident that P. 
laurinum is similar to many other members of the Parinarium species in containing a-claco- 
stearic acid, with lesser amounts of linoleic, oleic, and palmitic acid, but is so far as is known 
almost unique in also containing the conjugated tetraenoic parinaric acid. Parinaric acid has, 
however, been reported in the seed fats of P. glaberrimum and 7’, scalium (Frahm, De Ingenieur 
im Nved-Indie, 1941, 7, 42) and of a few members of the Balsaminacew, ¢ ¢., Impatiens Royle: 
Wailpers (Kaufmann and Keller, loc. 

Since the completion of this work the following private communication has been received 
from Mr. Winter: “Some (?. Jawrinum) fats when examined spectrophotometrically were 
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found to Coatain more trienotc than tetracuotc acid, in others again there was hardly an inflexion 
at the 271°6-mu. band and the «pectrum showed only the characteristic maxima for the tetraenc 
acu! The unfortunate part, however, is that there appears to be no correlation whatsoever im 
these differences with the appearance, size, or shape of the seeds.” 


EXPERIMENTAL 


The tollowing data were obtained on the oil extracted by light petroleum (sample I11) in Austraha 
and similar results were obtained tor the oll sample from Suva (sample 1]) 

Characteristics of the —lodine value (Wijs, on a @1-g. sample for 30 minetes) 176-6, rodine value 
Tom) 229-3, free fatty ack! (as oleic} 28%, unsapomifiable matter bey Society of Public Analysts’ method 
tealyst, 1933, 68, 203) 6-0%, 15480. total saturated acids (Hertram) 6-2%, 

the Os! and Low-temperature of the Missed Acids The ot] (46-9 g.) was 
neutralised with potassmum hydroxide solution, and the neutral oil hydrolysed by boiling wader reflux 
for an howr with a solution of 26 of potassaum hydroxule m 250 mi. of alcohol The acids were hberated 
from the scape with sulphuric acid and extracted with ether as rapidly as posuble to we poly merisa- 
thon After remeowal of the ether the acids were preserved in the dark in a well-corked flask filled with 

arbon diuxide and stored on solxt carbon dioxide until required, to prevent the polymerisation of 
perinafic ack) 

T mixed ackla (42-53 fram the oi) were bailed with 350 mi of light petrolenm, and the solution 
decanted trom the resinous polymerised maternal P,. the latter was washed twice with 40 ml. of boiling 
light petroleum, and the washings added to the main solution. The solution of the acids im light 
petroleum was cryvtaliieed at — 26°, and the deposited acids (36-52 g.) were recrystallised from light 
petroleum (40 mi. at 0°, yielding crvstallised acuds A (22-17 gj, polymerised maternal P, g) 

wheh was comlned with total, 262 ¢), end luble acitis (13-45 The soluble acids were 
rect yatallised from light petroleam (20 ml/g.) at — 35°, giving crystallived acids B (12-18 and soluble 
achla C The solubte acids (4-29 ¢ from the crystallisation from light petroleum (10 ml. at 

25° were recrvstallived from acetone (10 mi. at viekling insoluble ackis D (1-19 and 
soluble acids Data for these fractions are given in Tables V. Vi, and VU 


Taste ¥. 


Crystaliisation data, 


VI 
Spectrographrc examination of fractions. 
Alkah isomeriaed 

at 170° for 15 mins. at 180 

Mixed acils * 1267 
v7 

i : tore “iz : 952 


Including polemerised 


Fraction. 


VIL, 
Component acids of fractions (%, wt.) 
Mixed acids.* 

Saturated! 
(Mex 
t asapontiiable 

noben 

doen 
ompagates! tre zl“ 


tarmare 


Including polymerised 


Fraction %. I val. (Toms 
23:17 
26-7 
38 
i ato 73 i963 
: 4253 
mins. 
51-9 
23 
265 
dD, 
43-2 35.1 
31 153 
546 
39-7 330 
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Determination of Palwet Acad by Hydrogenation.—--The refined oi (53 ¢.) was hydrogenated at lo 
with Kaney nickel, andth oduct TI val. (Wijs), 100-3) was saponified. The acids were converted inte 
the methyl esters, which were rehydrogenated at 100°. The product (I wal, 12-1) was fractionated as 
proposed by Gunstone and Hilditch (doc. cif); 42% of palmitic acid were present, together with a 
quantity of polymerised matter (see Table VIII). 


Taste VIII. 
Fractionation of hydrogenated methyl esters of Parinarium laurinum oid. 


G Palmitic Cos 
1-97 2 
26 2-57 
Residue 497 : 407 


Total 41-59 39 86 


From the above results, the composition of the mixed acids of the oil was calculated to be as shown 
in Table IX 


Tapie IX. 


Component acids of Parinarium laurinum seed fat (°,, wt.) 
Acids including 
Fraction : A B +P, unsapomhable, 
52-1%). (28-7%). (30%). (28%). (7-3% Total (wt) 
Palmitx 420 
Stearic 
U nsaponifiable ah 1-08 55 
Linole: 26 0-23 113 7 
Con}. dienox 1-20 O17 2-17 
Con}. trienok 15-15 137 241 27-52 
Parinarx 35-60 669 33 O13 46-65 
Polymensed : -- 610 


® The polymerised acids have been assumed to arise trom elacostearic and parinaric acids tn the 
relative proportions observed for these acids 


I dentificatoon of Acids —Palmitic acid. Fraction H1 (1-31 Table VIII) was redistilied through a 
micro-distillation apparatus, yielding a fraction (0-37 g.) of sap > 272-9. which was converted into 
its p-bromophenacyl derivative, after recrystallisation from aleohol this had m. p. §2-—83-5° alone or 
mixed with p-bromophenacy! palmitate (m_ p. §3-5-—84 

Parinaric acid (i) Crystallisation fraction A (Table V) was recrystallised repeatedly from light 
petroleum and ether, and yielded parinaric acid, m. p. 86°, E}%S, 2624 at 305 my. ; these values could not 
be increased by further crvstallisation The above spectrographic value was the mean obtained by 
triplicate determinations (ranging trom 264 to 2644) on four preparations of parinaric acid 

ii) Oxidation of methyl parmarate. Parinaric acid (7-400 was esterified with methy! alcohol 
contanning 0-5% of hydrogen chloride” The resultant esters (4-01 were oxicised in solution in 100 ml 
of acetone with 0) g of potassium permanganate There was obtained 14) ¢ of crude dibask acid 
together with a considerable amount of ether-insoluble polymermed material, The acid on recrystal 
lisation from 100 ml. of water yielded 0-31 ¢. of azelaic acid, m. p. 104° alone or mixed with authentx 
material (m. p. 103—105 Parinaric acid (17-95 g.) on oxidation under the same conditions yelled 
4-63 ¢ of crude azelaic acid, which on recrystallisation from water had m. p. 103-104 

iti) Combination of parwnaric acid maleic anhydride. Varinaric acid (2-80 O01 mol) was 
heated to 160° for 5 minutes in an atmosphere of carbon dioxide with maleic anhydride (2-1 g., 00215 
mol } The resultant dark viscous fluid, which was insoluble in light petroleum, solidified in 2 days to a 
hard brittle resm 

acid i) Preparation of a concentrate of the acid The mixed acids (133 «.) 
from the oil were crystallised from 2660 ml. of light petroleum at 0 The resultant filtrate was then 
cooled to —15°, and a further crop of crystals (124g) removed. The volume of the filtrate was reduced 
to 800 ml, and the solution cooled to —65 The deposited crystals (34 g.) were recrystallised from hght 
petroleum () mi) at 45° and th from 306 ml. of ether at ei The soluble acids (23-2 g.) from 
the ether crystallisation were twice crystallised from acetone at 15° and then at --75 The crystalline 
product (14-5 had EIS, 1409 at 270-5 my. and 428 at 305 my., corresponding with of a-elaco 
stearic and 163%, of parmaric acid. . This concentrate was ased for the characterisation of the triene 
ack 

ti} Owidation of the concentrate’ The methyl ester (5.14 ¢) of the concentrate was oxidised in 0) mil 
of acetone with 35g. of potassiam permanganate. The crude dibasic acid (1-30 g ) after recrystalimation 
from 100 ml. of water yielded 0-553 of azelas acid, m p. 103-105 (mixed m p undepressed 

Preparation of the males anhydride adduct of the triennc acod The concentrate (3-28 was 
heated with maleic anhydrite (72 at 105° for 15 minutes in current of carbon djoutde The 
cooled mixture was boiled twice with light petroleum (100 mi), and the clear hquid decanted from tt 
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of cooling, there separated from the light petroleum 65 of a white 
was twice recrystallised from 140 mi. of light petroleum, vielding 0-35 g. of 
@ by the malex anhydmde adduct of e-clarostearic 62—63°). 
of ambydride addition compownd of ciasosteanc «a Elacosteanc ace 

1706 at 270-6 my, was heated with malek anhydride (1-0 0-0102 mol) at 105° 

The ad@ect was separated and recrystallieed as above, yiekling ¢ of colourless 

(Morrell and Samuels, $932, 2251. record m p 625 The ultra-violet 

—eetre of this compound and the addwtt from the concentrates of the triene acid were 


and Preparation of concentrate of linelcic and acid The mixed acads (210 
al were from 25 1. of petroleum at — 70", and the resultant liquid acids 
wore rooryetelieed from 600 mi of light petroleum at om The filtrate from this crystal- 
wal (Tome). 135-9), which contained linolex 17:3, parmaric 3-2. a-clacostearic 15-2, 

diene: acids 55%. was employed for the ci.aracterisation of oleic and linolex acid. 

matron detrechon of limolete acid The concentrate (3-05 was brommated in 60 ml. of 
town at ie with O42 mil. of bromine. The clear liqau!l was decanted from the deposited 

at 0 of crystalline bromides separated. The latter were recrystal- 
= of ether at 40°, yielding 0-102 ¢. of 9:10: 12: 13-tetrabromostearic acid, m p 

sie a « maxed with authentic tetrabromostearic acid, m p. 114 Complete solability of 

ether tedicated the absence of hexabromostearic acid. and hence of linclente acid from 


wath dilate alkaline permanganate, The concentrate (7:37 ¢) was oxidised by the 
Lewworth aed Mottram (/.. 1925 1628 There were recovered 1-43 ¢ of bydrowy- aceds 
aed On recrystalliaation of the former from water and ethy! 
© of acid, m p 132°, was obtained (mixed m p with 
m p endepresscd In addition the two 9: 10:12 achis 
© 82 ead 173° ), formed by the oxuiation of acid, were also recovered 


The suthor thanks Profeasor T. P. Hilditch, RS... for his valuable suggestions and critkiem, and 
My |. Wieter of the Munttion Supply Laboratories, Victoria, Australia, for gifts of oi] and seeds and for 
nation privately 
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5. Hydrolyses and Derivatives of Some Vesicant Arsenicals. 


By Wuttam A. Warers and J. HowartTn Witiiams 


The hydrolyses of pure 2-chlorovinyldichloroarsine (Lewisite-1) and of phenyldichloroarsine 


have been studied by using the partitions of their solutions between benzene and water. Several 

dialkytowy-derivatives of Lewiwsite-1, and some analogous dithiols, have been made, and it has 

been found that dithiocarbamates are particularly useful for characterising the arsenical vesants 
Lewisite-[ gives a characteristic solid with dioxan, and arsenic trichloride with thioxan 


Hydrolysis of 8-Chlorovinylaichloroarsine.— The hydrolysis of Lewtsite-I by water involves the 
following equilibria : 


‘tant 
CICHICH- ASC), + 2H,0 + 


H,O+ CICHICH AsO (CI-CHICH-As0), 
(show) 


il (iil) 


The only substance which can be wolated is polymerised 2-chlorovinvlarsinonxide (III), a white 
insoluble powder of indefinite m. p. Measurements of the equilibria, however, indicate that 
both the hydroxide (1) and the unpolymerised oxide (11) must be capable of existence in solution 
in water and benzene respectively 

On treatment with water, Lewnite-I immediately gives a strongly acid solution and a sticky 
gum, consisting of unchanged Lewisite and ([11). Lf however Lewisite-1 is mixed with benzene 
and then treated with water two clear liquid layers are obtained which, when shaken, rapidly 
attain an equilibriam which is independent of the initial concentration of the Lewisite-I in the 
benzene layer. Both the layers can be analysed for (1) chlorine content, (ii) acidity, and (iii) 
tervalent arsenic by titration with silver nitrate, alkali, and iodine, respectively, and in this way 
the equilibria attained in the bydrolysw can be found. Figs. 1 and 2 show the results obtained. 

The equilibrium attained on shaking a benzene solution of Lewisite-I with aqueous hydro- 
chloric acid corresponds exactly to that reached on shaking a corresponding amount of Lewisite-I 
with a proportionately smaller volume of water; that is, the percentage of Lewisite-I which 


| | 
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remains as such in the benzene layer depends only on the acidity, the bulk of the aqueous layer 
being immaterial. 


Fie. 2 
H vdrolysis Lewiate-I im bensene al 17° in 


ard 
oiears.fe and 


ty of MCL aqueous ‘ayer G of Lewisite / of water 


Fic. 3 Pic. 4. 
Hydrolysis of phenyldichloroarsine in benzene at 15°. 
Mydrolys:s by water | 
i | 


o 


Mydroly sis, 


200 300 
Nermelity HCL in aqueous Jayer G. of ghenyldichloroars:ne per 100 ¢.c. of water 


30 40 


The hydrolysis of phenyldichloroarsine has been studied in a similar way, giving results which 
are shown in Figs. 3 and 4. 
The evidence for the separate existence of the dihydroxide (I) is as follows. A 4% solution 


| 
2! ™ | 
| 
| 
Bae" 
1 | | 
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of Lewisite-I oxide (possibly 11) in benzene can be obtained by boiling the dry polymerised oxide 
(111) for a long time with this solvent. The solution is vesicant, and on storage deposits colour- 
leas crystals which soon change to the amorphous white polymer. When this benzene solution 
i Shaken with water the arvenic content of the benzene drops slowly during some hours. Only 
a 1%, solution of lewisite oxide in water can be obtained by leaving the constituents in contact 
When this solution is shaken with benzene the arsenic content of the benzene slowly rises during 
some hours. The aqueous solution has a pH of 68, but by allowing Lewisite-I to remain in 
contact with water containing chalk a 28°, solution can be obtained: and a solution of stil! 
higher normality can be obtained in aqueous sodium hydrogen carbonate of pH about & Thus 
the dihydroxide of Lewiwite-I is, like that of phenyldichloroarsine, a very weak acid giving 
soluble salts 2 
Lewisite-1 however is decomposed by cold caustic alkali as follows : 


CYC HICH + (OH)~ + C,H, + As\OH), 


In the cold (16°), only alkaline solutions of pH 10°6 or more will bring about this decomposition, 
bot at 50° solutions of pH @ or more are effective. Prolonged boiling with water alone brings 
about some decomposition of Lewtmite-I oxide 

It is significant that the curves shown in Figs. }-—4 show no irregularities indicative of the 
existence of hydroxy-chiondes R:-AsCl-OH 

Athyl-oxy- and of Leunsite-I and its Analogues.---The vesscant character of 
arsenicals such as Lewisite I and phenylidichloroarsine is not a property of the AsCl, group, 
since carefully prepared solutions of the corresponding oxides or dihydroxides are equally 
vesscant. In order to enhance the lipoid solability of 2-chlorovinyldihydroxyarsine and its 
analogues, a number of derivatives of the general type K-As(OR’), has been made by the action 
of sodium alkoxides on the arsenical vesicants. The products are all volatile, vesicant, liquids 
which are hydrolysed wreversidiy on contact with water 

A number of analogous thicethers K-As(SR’), has also been made, These are very slightly 
soluble in water and in general are hydrolysed reversthly, giving toxic, and sometimes vesicant, 
solutions, though the equilibrium 2H,0 == R-As(OH), + 2R’SH generally 
favours thioether formatum (cf. Cohen, King, and Strangeways, /.. 1931, 3043; Barber, / 
1932, 1365) 

Aqueous and alcoholic solutions of sodiam diethyldithiocarbamate, and its analogues, react 
readily with Lewisite-I to give crystalline solids of sharp melting-point which are very useful 
for the characterisation of the arsenical war gases These dithocarbamates are much more 
stable than are the simple thioethers of the alkyidichloroarsines, but only in cveclic structures, 
such as that given by B.A.L.” (Peters, Stocken, and Thompson, Nature, 1945, 136, 616) does 
the degree of hydrolysis become negligible. Alkali hydrolwses al! these compounds rapidly 
acetylene being evolved from the Lewisite-I derivatives. Hydrogen peroxide also breaks up the 
ethers and thicethers in neutral or acid solution, giving free arsonic acids which are much less 
tonic than the corresponding tervalent substituted arsines 

Compound Formation usth Dioxan.—-When pure Lewisite-I is mixed with an equimolecular 
propertion of diexan, heat is evolved and the whole mass solidifies on cooling to an addition 
product, m. p. 58-59 This however dissociates into its constituents both when vaporised and 
when diseolved tn anhydrous solvents such as benzene or chloroform In-2-chierovinyichloro- 
arsine (Lewisite- II) and tri-2-chlorovinyvlarsine (Lewisite-ITL) do not give similar products, and 
hence Lewisite-] may be separated in this way from these associated compounds. Arsenic 
trichloride also forms crystalline addition compounds with beth dioxan and thioxan, but few of 
the other arsenical war gases, such as ethyldichloroarsine and pheny!dichloroarsine, seem to 
react. The arsenic trichloride-dioxan adduct has been previously described by Doak (J. Amer 


Pharm, Soc., 1934, 23, 41) 


EX PRRIMENTAL 


Hydroiyns of and —The results shown in Fires. 1-—4 
were obtained by dissolving a weighed amount of carefully fracteonate 

arsine in 4) ml of benzene and shaking the solution with a known wolcme of water for 4 hour at 17 
Figs. | and 3 shaw-the relat hetween the arr nt of the wesmcant, R- Asé which remains as such in 


d Lewisite-1 of phenyidichiore 


lavef and the acrtity attained hy the us laver 


the ben cone 

The indicated as by h chiork acid show that the degree of hydrolysis 
Jepends on the acuity of the aqueous phase and not on its total volume Figs. 2 and 4, which refer to 
hydrolyse by water alome, show the extent to wh the vesicants are hydrolysed on admixture with 
hited quantities of water Again the degree of 


hydrolysis independes the initial concentration 
im the benzene layer 
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Partstion Coefficient of Lewisite-I Orde. -~The solution of the oxide in water was shaken with benzene, 
and samples of cach layer, removed at intervals, were analysed for arsenic by addition of excess of wdine 
and back titration with standard arsenite solution in the presence of sodium hydrogen carbonate. The 
following figures show that the equilitriin between the benzene-soluble ommde and the water-soluble 
dibydroskle is attained only slowly 

Partition coefficient, Cayo Com 
Time of shaking (mins } 16 ow 
Initial aqueous solution + Hensene $13 
Initial benzene solution + Water : 607 23 


The influence of the hydrogen carbonate buffer on the partition coefficient is shown by the- following 


hgures 


Lewisite + benzene + excess of aqueous NaHCO, 13-5 
Lewisite oxide (II of I11) in benzene + aqueous Cam, 134 


Fission of LerasteI by the Hydroxyl low —Lewisite 1 hydroxide solution was prepared by adding 
lg of Lewtsite-1 to 400 mi. of wery dilute «xham hydrogen carbonate solution. shaking the mixture until 
reaction was complete, and acidifving cautiously with dilute bydrochiore ace antil pH 7 was reached 
(4.D.H Universal Indicator 1) Mi. samples of this solution were added to 20 m) of a buffer and 
maintained at 17 Fission was detected hy adding to each solution | ml. of ammoniacal cuprous chloride 
solation. A reddish-brown precipitate of cuprous acetylide indicated that fission had occurred. Kesults 
were 

Beffer Reaction time (hours) before test 
2 6 17 a4 
4% Na HPO, pH 
4%, Thorax, ph Trace Shght 
4% K,CO,, pH los ; 


From similar experiments at 50° it was found that at this temperature fission was appreciable at pH 9-5 
after | hour; 1% (or stronger) solutions of sodium carbonate gave evidence of fission at 50° after only 
15 munutes 

A 4%, solution can be obtained by boiling Lewmite-I oxide (111) with water for some time; if, how- 
ever, the evolved vapours are led into ammoniacal cuprous chloride solution a positive acetylene reaction 
is obtained theugh 4 solution of Lewisite-} oxide prepared in the cold gives no positive reaction with this 
reagent 

Lewisite-[ itself, when srmilarly boiled with water, gives no‘positive reaction for acetylene 

When administered (a) as droplets of Lewwite to the skin, (6) by injection, or (c) as dihydroxide by 
mouth, to experimental anunals, Lewimite-1 is slowly excreted in the form of its water-soluble dihydroxide 
amd can be detected throughout the digestive system and particularly in the urine, by the cuprous chloride 
reaction which ts sensitive to &-001 me and can be used for approximate quantitative assay 

Derwatwes of Lewsste 1 and ts Analogues —-The new compounds shown tn the table were prepared in 
the course of thea inwestigation Values recorded as As.“ were determined iodometrically after destruc - 
then of organi matter The values recorded as equiv. were obtained by titrating the compound directly 
with todline, to covert ter inte quinque-valent arsenik 

4dducts and 7 equimolar amounts of Lewimite-l and dry dioxan were 
mixed, comaderable heat was generated and, on cooling, the miature solidified to a mass of white crystals 
Recrystallised from light petroleum (t Pp 40-60") the compound formed long colourless needles, m. p 
\Found : 243, H, 35%, equiv. (As), 146, 168; equiv (CD, 148-5. requires 
24:37, H, 386%," equiv (Clor As) 147-5). The “equiv was determined as recorded above 
The “ equiv. (Cl) was determined by titration in acid solution with silver nitrate, which reacts only 
with the chlorine bound to arsenn The complex ss almost completely dissociated in solution, as shown 
by molecular-weight determinations Found) tcryoscopic in benzene) 145, (ebullioscopic in benzene) 
195, 198: (ebulliosecoptc in chloreferm) [24 Required: 124 

The arsente trichloride dioxan complex, prepared in the same way, formed colourless crystals, m 
6s..70°, from light petroleum, and had the composition assigned to it by Doak (lore, at) [Foun 
230, equiv. (As), 168, equiv, (C1), 106-0, Cale. for HC 2AsCl,: C, 22-0; H, 
38%. equiv. (As), 156-4) equiv. (C1), led The molecular weight (cryoscopic in benzene) was 119; 
the required value'is 627, so that the substance is strongly dissociated in solution, as stated by Doak 

The arsente complex. similarly prepared, formed colourless needles, m. p. 70--72° 
[Found ©, 168) H, 278%: equiw (As), 143-5, equiv. (CD, 960. requires C, 16-8; 
HM. 28%. equiv (As), 142-6; equiv (Ch), a1 Molecalar-weight determination (cryoscopic in benzene) 
gave a value of 147 (Required | 285), again indicating almost complete dissociation 


The authors express their thanks to Mr WE. Hanby for assistance in the study of the hydrolysis of 
phenykiichtoroarane and to Mr. T. V. Healy for help in the preparation of a few of the dithiols. They 
thank the Chief Screntitic Officer of the Minustry of Supply for permission to publish this paper, which 
describes work which was completed in 1939-40 


Devance Starion (Receiwed, August 3rd, 1949.) 
oF Surriy) 


(1950) The Chemistry of Ribose and tts Derivatives. Part 11. 23 


6. The Chemistry of Ribose and its Derivatives. Part 11, 
The Constitution of an Anhydro-v-ribose, 
By G. R. Barker and M. V. Lock. 


An anhydroribose prepared by the method of Hredereck, Kothnig, and Berger (Her, 1040, 
73. 956) has been examined and found to be bimolecular. Usxidation of the anhydride with 
sodigm metaperiodate has been investigated and a crystalline teframetayl di-o-ribose amhydride 
has been prepared and hydrolysed to 2) 3-dimethyl p-ribose. Of three possible structures for 
the anhydride that corresponding to 1: 5’-5: 1'-<tirthofuranose anhydride is the most probable 


Ix an attempt to prepare 1; 2: 3-triacety!l p-ribofuranose by removal of the triphenylmethyl 
trityl) grouping from 2: 3-triacety! 5-trity! b-nbofuranose, Bredereck, Kothnig, and Berger 
(Ber., 1940, 73, 956) obtained a compound which they claimed was | ; 5-anhydro-p-ribofuranose, 
This struc ture was based on the failure of the compound to reduce Fe bling’ 8 solution until after 
hydrolysis and a positive test for adjacent cis-hydroxy!l groups with copper sulphate and 
alkali. However, it must be borne in mind that a number of different types of non-reducing 
anhydro-sugars are known, some monomeric and some dimeric, and that the structure postulated 
for the anhydroribose is by no means a unique interpretation of the expermmental evidence. 
Our doubts as to the truth of the constitution assigned were aroused by the melting point of 
the compound (220—230°), which is unexpectedly high for a monomeric anhydride, compared 
with the melting point of p-ribose itself, variously given as 86-87 (Levene and Jacobs, Ber., 
1909, 42, 1198) and 95° (van Ekenstgin and Blanksma, Chem. Weehblad, 1013, 10, 664 lt was 
therefore decided to examine further the properuecs of the anhydnde. 

These studies have now reached a point at which it is clear that we have an anhydride not 
conforming in structure to that postulated by Bredereck and his co-workers. It will be seen 
from the results presented below that although it is probable we are dealing with the same 
compound we are unable to reproduce the specific rotation recorded previously. It is therefore 
considered desirable to place our observations on record in order that the ~- stion of the identity 
of the two materials may be considered by the German workers, 

Trityl ribose and triacetyl trityl ribose were prepared and were found to correspond in 
properties with those previously recorded, By carrying out the acetylation without prior 
isolation of the trity!l ribose the vield of the acetylated material was considerably improved 
From triacety! 5-trityl ribose prepared in either way were obtained an acetyl! anhydroribose and 
an anhydroribose of which the melting points comcided with those recorded by Bredereck and 
his co-workers. The anhvdroribose, however, had, in water, « |f* + 11°, whereas this was 
previously recorded as + 78°. All other properties of our materials were identical with those 
recorded by Bredereck. 

Oxidation of the anhydride by sodium metaperiodate resulted in the consumption of | mol. 
of oxidant per mol. of mbose and no formic acid was liberated, If the constitution put forward 
by Bredereck and his co-workers for the anhydroribose ts correct, then the product of the above 
oxidation would be 2: 4-diformyidioxolan (1), produced mn a similar manner from 
p-altrosan, or D-mannosan. This compound is known to have af —15° (jackson and Hudson, 
J. Amer, Chem. Soc., 1940, 62, 958; Kichtmyer and Hudson, sid., p. 061, Kuaul, 
Hann, and Hudson, iid., 1041, 63, 1447), whereas the solui-on obtained after oxidising our 
anhydroribose with sodium metaperiodate had an observed rotation which corresponded to 

a}? —48", calculated on the assumption of the presence of the above dialdchyde it appeared 

improbable, therefore, that our anhydnde had the structure claimed by Bredereck for his maternal. 
Furthermore, cryosc opic determination of the molecular weight of the anhydroribose in aqueous 
solution indicated that the compound was dimeric. The possibility that the compound was 
exhibiting an anomalous depression of freezing point in aqueous solution was excluded by 
the fact that cryoscopic determination of the molecular weight of the acetylated anhydride in 
benzene confirmed the dimeric nature of the material (cf. Jackson ef al, J. Kes. Nat. Bur. Stand.,, 
1920, 3. 27; 1930, 6, 723; 1931, 6, 70), It is concluded that the anhydroribose conswts of 
two molecules of ribose united with loss of two molecules of water in such a way that both 
reducing groups are involved in the union and two pairs of adjacent hydroxyl groups are present 
in the molecule. 

Hydrolysis of the acetylated anhydride with boiling aqueous acu, followed by exammation 
of the hydrolysate on the paper chromatogram using Partridge’s method (Nature, 1946, 158, 
270), indicated that ribose was the only fission product. The rotation of the solution was also 
im agreement with this conclusion. It appears therefore, that no ether bridge is present, but 
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that the ribose residues are joined by two glycosidic linkages. In order to establish which 
hydroxy! groups of the ribose radicals are thus combined in the anhydride, the tetra-acety! 
diribuse anhydnde was methylated with methyl! sulphate following Haworth and Streight's 
method (Helo. Chim. Acta, 1932, 15, 609, 003) and tetramethy! a: p-rtbose anhydride was obtained 
which did not reduce Fehling’s solution. This material was hydrolysed by boiling aqueous acid 
and the product, when examined on the paper chromatogram moved as one component. In 
view of the observation of Hirst, Hough, and Jones (/., 1949, 928) that certain isomer 
methylated sugars can be separated by partition chromatography, it seemed likely from the 
above results that tetramethyl di-o-ribose anhydride is split by acid hydrolysis into two identical 
molecules. Evidence in agreement with this view was obtained by further studies of the 
methylated anhydride. No dimethyl ribose has yet been described and, since it seemed highly 
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probable that hydrolysis of the methylated anhydride would produce a dimethylated ribose, 
recourse was made to methods involving oxidation with the periodate ion, Moreover, a method 
was required whereby the homogeneity of the product of ac id hydrolysis, suggested by partition 
chromatography, could be confirmed. Oxidation of the a id hydrolysate with periodic acid 
prodaced no formic acid, but 045 mol. of formaldehyde was produced as shown by the method 
of Jeanloz (Hale. Chim, Acta, 144 27. lou Both results indicate that two molecules oi 
2: 3-dimethy! ribose are produced from the methylated anhydnde by ac ui hvdrolysis. First, 
during the oxidation of methylated sugars with the periodate ion, formuc ac id ss produced by 
oxidation of a reducing group adjacent to a free hydroxyl! group or of a 1; 2: 3-trihydne alcoho! 
system. It can be concluded, therefore that in the acid hydrolysate from the tetramethy! 
di-p-ribose anhydride there can be no mbose derivative in which position 2 is unmethylated, no 
monomethv! ribose, and no free ribose, any of which would have yielded formic acid. Since 
there are the four original methoxy! groups of the mex thviated anhvdride to be accounted for 
and no ribose or monomethy! ribose is present, the methylated anhydride must be split into two 
matecules of dimethyl ribose, both of which are me thylated at position 2 Furthermore, simee 
the aphydroribese itself comsumes two mols. of sodium metaperiedate It must contain two 
1: 2-glyeol groupings and hence the tetramethv! derivative possesses two pairs of adjacent 
methoxy! groups. 2: 3-Dimethyl p-mbose, therefore, ts the sole proxluct of hydrolysis of tetra 
methy! o-diribose anhydrice The production of formaldehyde during the oxidation by periodic 
acid is also in agreement with this conclusion. Formaldehyde is produced by penodate oxidation 
of a 1: 2-etvcol of which one hydroxy! group is primary and. of those sugars allowed by the 
other evidence discussed above, this condition 1s fulfilled only by 2; 3-dimethyl ribose. If, 
however, 2: 3<dimethy! ribose is the sole product of acid hydrolysis of tetrame thvl di-p-ribose 
anhydride, the production of two mols. of formaldehyde would be expe ted during the oxidation 
of the hydrolysate of this compound with periodic acid The low yield of formaldehyde obtained 
in these experiments is consistent with previous findings (Bell, /., 1948, 992 Jeanloz, Joc. cit.) 
that some methylated sugars are incompletely oxidised by periodic acid and it has been stated 
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(Bell, Joc. cat.) that, while the detection of formaldehyde is a useful qualitative test for the 
presence of a free primary hydroxy! group, it is not susceptible of quantitative use. The low 
yield of formaldehyde is not, therefore, considered to alter in any way the validity of the previous 
statement that 2 : 3-dimethylribose is the sole product of hydrolysis from tetramethyl di-p-ribose 
anhydride 

From the results of the experiments summarised above it follows that the anhydroribose 
possesses one of the structures (11), (111), and (IV). No convenient method of distinguishing 
between these structures is at present available but the formation of either (111) or (1V) from 
1: 2: 3-triacetyl 5-trityl mbose would involve an interchange of furanose and pyranose forms, 
which although not impossible, is not suggested by any evidence so far obtained. We therefore 
consider that our anhydroribose is anhydride (11) The configurations 
at the glycosidic centres of the two ribose residues are not known, but it seems possible that the 
discrepancy between the rotations of our maternal and that of Bredereck, KoOthnig, and Berger 
is due to isomerism at these positions. 


EXPERIMENTAL. 


Acetyl groups were determined by Alicino’s method (4nalyt. Chem, 1948, 20, 500 

1. 2° 3-Tracetyl 5-Trityl o- Ribofuranose. —({a) 5-Trityl p-ribose was acetylated following the method 
of Bredereck ef al. (inc. ett.) (Found: OAc, 25-0. Cale. for CHO, : OAc, 249%) 

6) A solution of D-ribose (11-6 g.), dried in a vacuum over phosphoric oxide at 60°, and trityl chloride 
(21-6 @ } in pyridine (116 cc}, distilled three times from phosphoric oxide, was maintained at 37° for 4 
days, with the exclusion of moisture, and then, after bemg heated at 70° for 30 minutes, was cooled to 
5°, and acetic anhydride (60 c.c.) and anhydrous pyridine (50 c.c.) were added. The solution was set 
aside for a further 24 hours and was then poured into ice-water (3 1.) containing one drop of saturated 
aqueous trisodium phosphate This assisted the coagulation of the precipitate which, after 30 minutes, 
was collected by filtration and purified as described by Bredereck ef a] (Joc. cot.) (Found: C, 71-8. H 
OAc, 22-8. Cale. forC,H,O,: 60-5; H, 58, OAc, 240%). The yield (30 g.) of this material 
Was approx. three times that obtained by using the method of the German workers, and although it probably 
contained a small quantity of triphenylmethyl acetate it was quite satisfactory tor subsequent experiments, 
contamination being removed as triphenylmethyl bromide 

Tetra-acetyl Di-p-ribose 2. 3-Triacetyl 5-trityl o-ribofuranose, prepared by either 
method, yielded by use of the procedure of the German workers, tetra-acetyl di-p-ribose anhydride in 
the form of needles, m. p. 168-5-—169-5° (Found: C, 500, H, 5-5; OAc, 396%; M (eryoscopic in 
benzene), 428. Calc. forC,,H,,O,,: C, 500; H,5-6. OAc, 398%; M,432-2). This material (62-1 mg | 
was heated at 97° with x/10-hydrochloric acid (3 ¢.c.) for 165 minutes by which time the solution had 
fa) (calculated on the assumption of the presence of b-ribose), unchanged on further heating 
Under similar conditions p-ribose had (a)}f* —21-2 The solution obtained from the above hydrolysis 
was examined on the paper chromatogram alongside a specimen of authentic D-ribose, following 
Partridge’s method (loc. cit.), an Ry value of 023 being obtained in each case. Partridge records « 
value of @ 21 for D-rTibose 

Th-p-rbow Anhydride Tetra-acetyl di-p-ribose anhydride was deacetylated as described by Bredereck 
et al. (lee cit.) and gave di-p-ribose anhydride in the form of colourless plates, m. p. 220° after sintering 
from 224 Found: C, 45-7, H, 58%; Af (cryoscopic in water), 246. Calc. forC,,H,,O,: €, 455, H 
61%, . M, 264). In water the material had (a)}f?* + 11° (c¢, 0-68), After 24 hours at 28° the compound 
had consumed 1-01 mols. of sodium metaperiodate, no formic ackl being detected by titration with 
N 100-satium hydroxide after destruction of periodate rons. The solution obtained after completion of 
this oxidation had [a)}? 48°, calculated on the assumed presence of 2: 4-diformyldioxola: 

l etramethyl In-p-ribose Anhydride Tetra-acety! di-p-ribose anhydride (0-091 in acetone « 
was stirred at 55°, and methyl sulphate (3-2 ¢.c.) and sodium hydroxide (S@ cc., were 
added portionwise every 15 minutes during 2-5 hours urther portions of acetone (5 ¢ ¢.) were added 
to aud mixing. Water (4 ¢.c.) was added and, after the temperature had been allowed to mse to 75° for 
5 minutes, the reaction mixture was cooled to room temperature and extracted 12 times with chloroform 
(20 ¢.c. each The combined chloroform extracts were dried (MgSO,) and after distillation of the 
solvent the residual syrupy tetramethyl di-v-ribose anhydride crystallised when kept at 0 It separated 
trom hght petroleum (b. p. in needies and plates (0-045 m. p. after sintering 
at 125° (Found: C, 52-9; H, 7-5; OMe, 37-4. C,,Hy,O, requires C, 52-5, H, 7-5, OMe, 36: 7% The 
compe. did not reduce Fehling’s solution 

Examnation of the Products of Hydrolyss of Tetramethyl Di-p-ribose Anhydride —Tetramethy! 
di-p-ribose anhydride (10 mg.) was heated at 97° with ws /10-hydrochloric acid (2 cc.) for 40 minutes 
This treatment had been found in a preliminary experiment to bring about complete hydrolysis of the 
material as shown by measurements of reducing power using Somogy)'s method (/. Heol. Chem., 1926 
70. 508 After removal of chloride ions by grinding with silver oxude and filtration, the solution was 
examined on the paper chromatogram by Partridge’s method (Joc. ci One component was observed 
having an Ny value of 0-55. A further sample of the tetramethyl! compound (4-046 mg) was bydrolysed 
as above, n-sodium hydrogen carbonate (10 c.c.) and potassium periodate (6 cc. of a 23%, solution in 
§/3-sulphuric acid at 45°) were added (the pH of the solution was then 7-5), and the solution was set 
aside at room temperature for 24 hours. After destruction of excess of periodate ions, formaldehyde was 
determined by Jeanloz’s method (ioc. cit). The formaldehyde-dimetion complex (203 mg) had 
m. p. 188-190" alone or mixed with an authentic specimen. A third sample of tetramethyl di-p-ribose 
anhydride (4-076 mg.) was hydrolysed as before, and, after being kept with sodium metaperiodate tor 
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50 hours at room temperature. no liberation of formic acid could be detected using the method of Halsall 
Hirst, and Jones (/., 1067, 1427) 


One of us (M. VL.) thanks the Department of Scientific and Industrial Research for the award of a 
maintenance grant 


Tas University, Mascwesrer, 13. Received, August 12th, 1949.) 


7. The Structure of Diallyl Pisulphide. 
By Feepewicn Cuatiuncer and Dovucias Graeenwoon. 


Thialtly! disulphide reacts with triphenyviphosphine yielding triphenylphosphine sulphide 
and dally! monosulphude, with zinc yielding zinc sulphide and diallyl monosalphide, and. with 
phenyl! followed by aniline, These reactions are 
explained by a free-radical mechanism involving the intermediate compounds Ph,P(S-C,H,), 
and Ph NOC(S-C,H,, which were, however, not isolated 

An alternative explanation. assuming a branched-chain structure R,5°S for dially! disulphue 
ts diaprowed by a reaction with cysteine whereby cystine and prop 2-one 1-thiol are obtained 
in gout! yield. Dimethyl, diethyl, and ve nitropbeny! disulphule also react in this way with 
cysteine Dimethyl and diethyl disulphide do not react with zinc or triphenylphosphine 


Semmien (A4rch. Pharm, 1892, 230, 434) isolated dially! disulphide from oil of garlic and found 
that on distillation with zinc dust it yieided dially] monosulplude. He recorded no experimental 
details but we have confirmed his result. To explain this, it could be assumed that diallyl 
disulphide had a branched-chain structure (I) rathey than the normal straight-chain structure 
(ih). 


(IL) 


The preparation of disulphides of type (1) by Backer and Evenhuis (Rec. Trav. chom., 1937, 
86, 129) lends some support to this view: tetrakisbromomethyimethane and sodiam or 
SCH, cH, SCH, CHy> 
SCH, CH, SCHy SCHy 
(Vv) 
potassium disulphide in aleohol give product (III) instead of the expected (IV), one atom of 
sulphur was removable by the action of sodium, copper, or sodium sulphide leaving the compound 
C,H Sy, or by eee giving sulphuric acid and a disulphone (V) or the derived disulphonic 


acid (HO, SCH,) according to conditions. 


Cavallito,, Thuck, and Suter (J. Amer. Chem. Soc., 1944, 66, 1952) regarded the 


naturally occucring antibacterial substance allicin as CH or 


CHEECH CH Small, Bailey, and Cavallito 1947, 68, 1710) and Stoll 
and Seebeck (Hein. Chim. Acta, 1948, 31, 189) concluded from a comparison of chemical! and 
antibacterial properties that allicin was alse obtained by the direct oxidation of dially! disulphide 
with perbenzoie acid or hydrogen peroxide, This favours the structure (11) rather than the 
branched-chain (1) 

It seemed possible that dially! disulphide could have structure (Il) and vet react with zinc 
as stated by Semmiler, if dissociation into free radicals were assumed : 


C,H,SSC,H, == —» Zn/SC\H), —» + 


Such a reaction would be analogous with those observed by Schénberg, Rupp, and, Gumlich 
(Ber., 1933, 66, 1932) with di(thio-a-naphthoy!) disulphide and metallic zinc or silver: We find 
that Cannot be molated from the reaction between zinc and cially! disulpiide, but 
it has been prepared and found to decompose in the manner shown at temperatures (40-—100°) 
much below those at which the reaction was carried out (120—130°) s 

Tt was therefore decided to investigate certain reactions of dially! disulphide, which should 
enable a decision to be reached between stractares (1) and (II). 

We have recently (Biochem. J., 1949, 44, 87) shown that dially! disulphide in cultures of the 
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mould Scopulaniopsis brevicaulis yields prop-2-ene-l-thiol and methyl ally! sulphide, thus 
behaving in the same way as saturated alkyl disulphides (Challenger ef a/., /., 1937, 868; 1938, 
1872). This favours structure (11). On the alternative structure (1), the formation of hydrogen 
sulphide and allyl sulphide would be expected, but this was not observed. Moreover, dially! 
monosulphide yields no in cultures of 5. brevicaulis, but volatilises apparently 
unchanged, as does also dicthy! sulphide (Challenger and North, /., 1934, 70; North, Thesis, 
Leeds, 1933). The formation of the thiol and methyl ally! sulphide from the disulphide in mould 
cultures cannot therefore be explained by the further breakdown of diallyl monosulphide formed 
as an intermediate compound from a disulphide of structure (1). 

Schonberg (Ber. 1945, 68, 162) used triphenylphosphine for the detection of free radicals 
arising from disulphides by homolytic fission. Later, in a private communication (cf. this vol., 
pp. 892, 889), Schénberg classified disuiphides into two groups, according to their reaction with 
triphenylphosphine : (1) unreactive, ¢.g., diethyl and dibenzyl disulphide, and (2) those reacting 
to give Ph,PS, probably by way of Ph,P(SR),, ¢¢., di-(p-dimethylaminophenyl) and dibenzoy! 
disulphide. 

Some disulphides, ¢g., Ph,S,, oxidise triphenylphosphine to triphenyiphosphine oxide in 
presence of water, probably by way of the intermediate compound Ph, P(SR), which was not 
isolated, 


Pr H,O 
RS, <= mye, pao + 2RSH 


The disulphide was often regenerated from the resulting thiol by the oxygen of the air, The 
reactions of compounds of class 2 recali the formation of triphenyiphosphine sulphide from 
triphenylphosphine and dithiocyanogen, doubtless through the unstable Ph, P(SCN), (Challenger, 
Smith, and Paton, /., 1933, 1055). 

We find that dially! disulphide with triphenylphosphine at 80-—90° with or without water 
gives triphenylphosphine sulphide in good vield, and therefore falls into group 2. Dially! 
monosulphide was also formed and was characterised in one experiment as the sulphilimine. 

Schénberg (/oc. cit.) showed that certain disulphides of group 2 did not react with phenyl 
isocyanide in conditions where elementary sulphur would form phenyl isothiocyanate. He 
therefore concluded that Ph,PS arose from Ph,P(SR), and not from free sulphur formed in 
solution by dissociation of a disulphide to a monosulphide and sulphur. However, with dially! 
disulphide we obtained evidence of the formation of pheny! isothiocyanate, s-diphenylthiourea 
being obtained after reaction with aniline. This appears to favour formula (I); yet the free 
radicals of dially! disulphide might be more reactive than those of the disulphides tested by 
Schénberg, and might react to give PHNIC(S<,H,), (VI). This could then (a) break down 
directly to allyl monosulphide and phenyl! isothiocyanate which, with aniline, would give the 
thiourea or (+) (VI) might itself react with aniline thus : 


PRN-C(S-C,H,), + NH,Ph (C,H,),5 + CS(NHPh),. 


Scheme (a) is perhaps more likely because of the ease with which most compounds of the type 
X(S°C,H,), (where X is, ¢.g., a metal or Ph,P) break down to XS and allyl sulphide. However, 
if ether of the above schemes is correct, it renders this reaction useless for distinguishing between 
a free-radical mechanism and formation of elementary sulphur 

Trphenylstibine, although less reactive than triphenylphosphine, gives compounds which 
are more stable than those of triphenylphosphine (Challenger and Wilson, ]., 1927, 209), No 
reaction occurred between triphenylstibine and dially! disulphide 

The symmetrical structure (11) for dially! disulphide is supported by the work of Koch (/., 
1949, 394) on the ultra-violet absorption spectra of disulphides and has now been established 
by the reaction of dially! disulphide with cysteine yielding cystine and prop-2-ene-1-thiol in 
over 90% vield. If dially! disulphide had structure (1), it would be impossible to explain this 
reaction : production of hydrogen sulphide might be expected (no trace of this was detected), and 
any further reduction could not by any mechanism yield over 50% of the thiol. For structure 
(11), the reaction appears as a normal reductive fission of a disulphide, accompanied by oxidation 
of cysteine to cystine, Cysteine seems not to have been used as a reducing agent for simple 
disulphides, although Harrison (Biochem. J., 1927, 21, 1408) found that the oxidation of cysteine, 
by the oxygen of the air and by methylene blue, is catalysed by biscarboxymethy! disulphide , 
the activity disappeared if the disulphide link were destroyed, ¢.g., by oxidation with bromine 
Bersin and Steudel (Ber., 1938, 71, 1015) found that cysteine and biscarboxymethy! disulphide 
come to a 50°, equilibrium with cystine and thioglycollic acid in aqueous solution, We found 
this type of reaction to occur also with dimethy! disulphide which gave methanethiol and 
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cystine in 97% yield; diethyl and di-»-buty! disulphide required heat and gave lower yields, and 
a slow decomposition of the cysteine yielded hydrogen sulphide (for a similar decomposition of 
cysteine in aqueous solution see Mérner, 7. physiol. Chem., 1904, 42, 354, and Routh /. Biol. 
Chem., 1939, 180, 297). Di-p-nitropheny! disulphide also yields the thiol and cystine 

fmmethy! and diethy! disulphide did not react with triphenylphosphune (cf. Schonberg, 
joe. cit). They reacted hardly at all with zinc, even when heated, in contrast to statements 
that alkyl! disuiphides yield bisalkylthiozinc (Kichter, “ Organische Chemie,” 11th edn., 1909, 
Vol. 1, p, 162; Houben, Die Methoden der Organischen Chemie,” 1922, Vol. IT, p. 365) 


ADDENDUM. 


It seemed possible that, in a high-boiling solvent and in absence of moisture (see p. 27), 
triphenyiphosphine sulphide might also be formed from the phosphine and dipheny! disulphide. 
We failed to find any. In mesitylene or in nitrobenzene the phosphine oxide, but no sulphide, 
was isolated. We then found that in these solvents or in “ liquid paraffin,” but not in benzene, 
at the b. p. in presence of air the oxide is formed even in absence of diphenyl disulphide. From 
the phosphine and dipheny! disulphide in boiling mesitylene in absence of moisture and under 
nitrogen, neither the oxide nor the sulphide was obtained, although some triphenylphosphine 
oxide was formed when the reaction mixture was then left in contact with au at room temperature. 
In a private communication (27th May, 1049) Professor Schénberg states that he has observed 
independently that “ triphenylphasphine reacts with the oxygen of the air at high temperatures, 
especially in the presence of light.” 

Schéinberg «f al. (loc. cit.) consider that several reactions of disalphides are best explained on 
the assumption of a homolytic dissociation into free radicals, ¢.g., the action of metals and of 
tripbenylmethy! giving KS-Metal and R-S-CPh,. and the observation that certain disulphides do 
not obey Beer's dilation law.- Waters Free Radicals," Oxford Univ, Press, 1946, pp. 72-73) 
accepts this free radical mechanism 

The authors adopted this view in the present paper. A Referee has, however, suggested an 
alternative explanation of the reaction with triphenyiphosphine. Polarisation of R,S,, thus 


RS-—SK, might lead to fiesion, the positive moiety being captured by the unshared electrons 


of the phosphorus to give the salt-like product Ph, PSR SK. This could then break down to 
Ph, PS and R,S (allyl sulphide) and with water would yield Ph,PO and RSH. This, it was 
remarked, would be in acoord with the ac« epted mechanism for the hydrolysis of the :secyanides 
by acids 

We accept this as an alternative representation of the reaction; the ionisation of a disulphide 
and the capture of a positive methy! group by the unshared electrons of an arsenic or selenium 
atom were, in fact, suggested by one of us in earlier discussions of the mechanism of biological 
methylation (Challenger, Tavior, and Tavior, /.. 1942, 49, Challenger, Chem. and Ind., 1942, 
G1, 414; Chem. Reviews, 1945, 36, 142 Sunilar considerations apply to the reaction between 
phenyl isecvanide and dially! disulphide 


EXPERIMENTAL. 


Mom sulphide and Scopulariopeis brevicaulis on Hread Cultures Four flasks, each con- 
taining 150 ¢ of bread-crumbs and 25 «.¢. of distilled water, were sterilised at 120°, imoculated with 
spores from a potato agar subculture of and incubated for 6 days at 32° and for 3 days at 
room temperature. Dially! monosulphide (6-25 ¢ |, emulsified with 25 { sterile water, was then 
added with a sterile pipette to cach flask The tlasks were connected in series bv means of sterile rubber 
bungs and glass tubing, and sterile air passed through them, tor 18 days. into 2 tubes containing 4% 
aqueous mercurce cyanide and 5 tubes contaming 3°, aqueous mercuric chloride No precipitate 
formed in either of the cyanide tubes, but a white precipitate was produced in all the chileride tubes 
during the first 18 daya. The white precipitate (3-8 ¢) did net melt below 260°, but darkened and 
wntered above 100 it was insoluble in the common organic solvents, and gave mercuric oxkle with 
cold sodium hydroxkte solation, and the odour of ally! sulphile with @N-hbydrochloric acid. The 
precipitate was thas the merourtchlorite of ally! sulphide which had volatiived unchanged trom the 
cultures 

Diallyt Disulpaide sample of this compound (Biochem. 1949, 90) (Found: C, 498; H, 
7-23; 5, 431 Cak. for C, 463. H, 5S, 43-85%) apparentiy contained a trace of the 
monosulphite, The alwence of thiol was shown by shaking with 4% mercuric cyanide solution, no 
precipttate being formes! 

Tnallyl DissiPhede and Zim 40 G. of dially! disulphide and 2-5 g. (slight excess) of zinc dust were 
mined. and left at room temperature for Sdays. There was no change in odour or appearance after this 
time, or after maintainme the mixture at 49° for 2 hours and then at 100° for 2hours. After 10 hours at 
120-130", the odour of disulphide was alinost completely replaced by that of allyl monosulphide The 
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oil was then decanted from the zinc dust, and fractionated at 16 mm... giving (i) an almost colourless oil, 
b. p. 36-45" (2 having the odour of allyl monosulphide (b. p. 40° /16 anc (i) an orange-red 
oil, b. p. (2.5 ¢.c.), probably mainly unchanged dially! disulphide (b. p. 16 mm The 
first fraction was recdistilled at 16 mm_, a fraction being collected between 36° and 40 Two drops of this 
were shaken with saturated chloramine-r solution. The precipitate, when separated and recrystallised 
from ethy! acetate—ligroin (b. p. 60"), had m. p. and mixed m. p. with authentic dially! sulphilimine, 

The zinc dust was only slightly changed in appearance, being slightly darker and coarser than 
previously. Addition af hydrochloric acid gave hydrogen sulphide, but no odour of a thiol, The 
product therefore contained zinc sulphide 

Bisallylthvormc A few drops of prop-2-ene-I thiol, shaken with excess of zinc acetate solution, gave 
immediately bisaliyithionne as a white precipitate. This was separated after 30 minutes. It sintered 
from 120° to 200°. It was insoluble in the common organic solvents and was therefore purified by washing 
it with large quantities of water, alcohol, and ether (Found: Zn, 304 C,H,,5,Zn requires Zn, 30-9%) 

When it was refluxed with benzene for 10 minutes, decomposition occurred he resxival pale 
yellow powder on treatment with dilute hydrochloric acid gave the odour of hydrogen sulphide with only 
a very slight odour of thiel, it was enmelted below 270°, but showed a colour change at 200.220" 
characteristic of zinc sulphide 

The same decomposition was observed with dry bisallylthioginc at 100°. The odour of ally! sulphide 
was noticed after 15 minutes. The product was extracted with a little alochol, and the solution added 
to a saturated solution of chioramine-t, giving a crystalline precipitate, m p. 70". The mixed m p 
with authentic allyl sulphilimine was 71°. The residue, insoluble in alcohol, gave no odour of a thiol 
with dilute hydrochloric acid 

—-13-6 ¢ of chloramine-t in about 200¢ ¢. of water, and of diallyl monosulphide 
were shaken for 20 minutes. The product, which formed within a tew seconds, was separated dried and 
recrystallised by addition of light petroleum (b. p. 40--60°) drop by drop to a solution in chloroform 
After 3 such recrystallisations, the suipadimene had the constant m. p. 72° (Found: C, 54-8; H,@1, N, 
SL CyH,,O,NS, requires C, 56-1; H, 60; N, 5-4). It is converted into an oil on storage at room 
temperature for 3.—4 days, or rapidiy at 100 At 0 the sulphilimine is stable for 3-4 weeks. No loss 
in weight is involved. The nature of this change will form the subject of a further communication 

Reaction of Dimethyl and Diethyl Disuiphide anth Zime —-Heating dimethy! disulphide (10 hours at 
160-—110°) or diethyl disulphide (9 hours at 130°) with zinc, yielded no monosulphide, almost all the 
disulphide being recovered pnchanged. Traces of Zn(SR), were detected in each reaction by the slight 
odour of a thiol produced on addition of hydrochlone acid 

Tnallyl Disulphide and Triphenyiphosphine —-The disulphide (0-3 g.). triphenylphosphine (0-5 
and benzene (4 cc.) were refluxed for 6 hours in the absence of water. On cooling, triphenylphosphine 


sulphide (0-4 g.) separated (m p. and mixed m. p. 161---162°). The benzene solution was distilled, with 
addition of fresh benzene to the reskiue, until the odour of allyl —— had passed entirely into the 


distillate. This was then shaken for 45 minutes with an aqueous solation of chloramine-? to form the 
sulphiimine. Evaporation of the benzene at room temperature left a white solid which, when recrystal- 
lised once from chioroform-—ligrom, had m. p. and mixed m. p. with allyl salphilimine, 71 Repetition 
of this experiment in toluene at 90° in presence of water again gave triphenylphosphine sulphide. m p 
162—163" (161—162° on admixture with an authentic specimen, mp. 161-162"), The m p 
oftriphenyiphosphine oxute (151°) was depressed to 123 

Inphenyi Disuiphide and (1 g) was heated in boiling 
nitrobenzene (7 cc.) for6 hours. Evaporation then left a tarry residue, which on extraction with ligroin 
(b. p. 80-—100°) for 1 hour and recrystallisation from benzene—igroin yielded triphenylphosphine oxide 
(03g), m. p. 153—-154" (mixed m. p. 154") 

The phosphine (0-2 g.) was heated in boiling mesitylene (2 cc ) for 5 hours with precautions to exclude 
moisture from the apparatus. Cooling and addition of hgroim (b. p. 40-40") gave 0-08 g. of the 
phosphine oxide, m. p. and mixed m. p. 156° 

The phosphine (0-5 g.), diphenyl disalphide (0-42 g.)}, and mesitylene (5 cc.) (all dried over PJO,. the 
mesitylene then redistilled) were refluxed for 6 houts in a dried apparatus in a stream of nitrogen 
previously passed through alkaline pyrogallol, sulphuric acid, and phosphoric oxide. On cooling and 
addition of ligroin to a portion, no crystals appeared, showing that no phosphine oxide or sulphide had 
been formed. However, after storage in air in a closed flask for 10 days, addition of ligrom gave 0-12 ¢ 
of the phosphine oxide, m. p. 154" (mixed m. p. 155°). Distillation of the solvents in a stream of nitrogen 
left a red hquid residue, which when kept overnight in air and then treated with ligroin gave a further 
13 g. of the phosphine oxide. The residue after evaporation of the ligroin slowly deposited diphenyl 
disulphide, m. p. and mixed m. p. 60 

Dially! Disulphide and Phenyl isoCyanide (Experimental conditions were obtained from a private 
communication from Professor A. Schénberg)..—Dially! disulphide (3 ¢ ), phenyl isocyanide p 
64° 20 mm.) and benzene (25 c.c.) were refluxed for Shours. Aniline (2 ¢.) was then added, and refluxing 
continued for a further 3 hours, a colour change from bluish-green to orange-red being then observed. 
Orange crystals separated overnight and were removed and washed with cold benzene and ether After 
recrystallisation from alcohol, the product (0-65 ¢.) had m. p. 153° alone and mixed with authentic 
s-diphenylthiourea. The benzene mother-liquor was washed with concentrated hydrochloric acid (to 
remove aniline and phenyl! ssocyanide) and with water, dried (Na,SO,), and evaporated at 40--50 mm., 
giving a further quantity of orange solid and unchanged diallyi disulphide 

Tnallyl Disulphide an’ Triphenyistibine —The disulphide (1-0 g.) and triphenyletibine (2-6 ¢) in 
ligrom (b. p. 80-100": 50 ¢.¢.) were refluxed for 30 hours. There was no reaction. 

When twice these quantities were used without a solvent during 3 hours at 100° and 8 hours at 140", 
a Viscous oo slowly formed ; no solid product was isolated ; 

Inallyl Disuiphtide and Cysteime.—-Cysteine hydrochloride (1-0 @.) in water (ca. 15 ¢.c.) was neutralised 
with 10%, sodium hydrogen carbonate solution (ca. 5¢ ), and diallyl disulphide (0-167 added. After 
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56 hours at room temperature in a stream of nitrogen the reaction was complete. The aitrogen, with the 
volatile praducts, passed through 2 tabes containmg 4% aqueous mercuric cyanude to absorb thiols, and 
3 tubes containing 3%, aqueous mercurk chierule to absorb unchanged disulphide Bisallyithio- 
mercury (0358 p. acd mixed m. p. 72°, was obtained from the first cyanuie tube. This represents 
© 162 g. (91%) of diallyl disulphade. white precipitate (0-007 g.) in the mercuric chlorue tubes had 
the properties expected of a mercurated fission product of diallyl disulphide It gave an odour of a thiol 
with hydrochlor« ace and a precipitate of mercuric oxide with sodium hydroxide solution, and was 
eamelted below 270° 1949. 44.89). represented about 6-016 g (10%) of diallyi dwsulphide 
| of disulphide gives about 6 of mercuric chlorle derivative 

Cystine (0-25 ¢ |) was removed from the reaction flask Alone and ia admixture with authentic 
cystine ite m. p. (decomp |) was 266-258 it was equivalent to 0-153 g. or 01-54%, of the disalphide 
use l 
Dimethyl Digulphide and Cysterne of dimethyl disulphide and excessof cysteine hydrochloride 
solution (1 in 15 neutralise! as before, were left in a stream of aitrogen, as in the previous 
experiment 

Keemethytthiomercury (0238 g.. 975%) was obtained from the first cyanide tube. After one 
recrystallisation from ethyl acetate, « had m. p and mixed m. p. 174°. A trace of precipitate in the 
chlorue tubes probably accounted for the remaining 2-5%, as unchanged disulphide. Cystine (0-196 ¢., 
equivalent to 94%, of the disulphide) was recovered 

Disthyl Desuiphide and reaction was slow. The disulphide (0-074 g.) and cysteine 
hydrochiorule (0-5 ¢ |, newtralised as belure, were heated at 100° in nitrogen for 2) hours. The precipitate 
in the first cyanide tube contained a trace of mercuric sulphide and was puriied by decomposing it with 
70%, hydrochiortc acu, and aspirating the gas again into mercurtc cyanile solution, followed by recrystal- 
ligation from alcohol. The bisethyithiomercury (0-034 g., representing 17%, of the disulphide used) 
melted at 75° (76° on admixture with an authentic specimen). The cystine formed had mp. and mixed 
m 258" (decomp.)}. 

Disuiphide and Cysterne.—The disulphide (0-05 g.), cysteme hydrochloride (1-0 and 
socliam hydrogen carbonate solution (ea. 15 cc.) were heated for 1] hours at 100° in nitrogen. The 
greerish- black pre« (266 from the mercuric cvanuie gave scarcely any thioi with hydrochioric 
ackd, and was inselubie in hotalcobel. it was mainly mercuric sulphide and as the quantity was so large, 
decomposition of the cysteine was su ted. Cysteine hydrochloride and aqueous sodium hydrogen 
carbonate evulved hydrogen sulphide douty at 100°, and mercuric sulphide was gradually precipitated 
in the mercuric cyanule 

Di-p-nitropheny! Disuiphide and Cysteine —The disulphide (0-5 g.; m. Willgerodt, 
Ber, 1585, 18, 331, gives p. Fromm and Wittmann, 1908, @1, 2264, give 182°) 
and cysteine hydro hioride (05 g ), neutralised with sodium hydrogen carbonate, were refluxed in 50% 
aqueous aloohol for * hoars, covied, and poered into excess of dilute hydrochloric acid, thus precipitating 
the p-nitrothiopheno! and any nachanged disulphide. The precipitate sintered without complete fusion 
at 76°. It was dussoived in dilute sodium hydroxide, filtered from a smal) amount of disulphide, and 
reprecipitated by dilute hydrochloric acid. When quickly dried, it had m. p. 77° (the recorded m. p- of 
fenitrothiopheno!, Willgerodt, joc. of.; Fromm and Wittmann, loc. cit.) but was rapidly re-oxidised to 
the disulphade 

The cystine was recovered by neutralining the acid solation with sodium hydrogen carbonate. It had 
m. p. 252° (decomp. } alone or mixed with an authentic cystine. 


The authors thank the Royal Society for a research grant and the West Riding Education Committee, 
the Frank Parkinson Fund, and the Department of Scsentific and Industrial Kesearch for maintenance 
grants (to DG.) They much appreciate the co-operation of Professor A. Schonberg 


Tue Usiversrry, Lenos, | Received, August 20th, 1949_ 


8. Derivatives of Oxazolid-2; 4-dione. Part 1. The Alkylation of 
5: 5-Dimethyloxawlid-2 4-dione.* 
By J. S. H. Davies and W. H. Hook. 


A sumber of N- and O-alkyl derivatives of 5. 5-dimethyloxazolid-2 : 4-dione has been 
prepared, The O-alkvi derivatives are shown to be 4-enol ethers and have been isomerised to the 
cotresponding N-alkyl derivatives. The hydrolysis products of the N-alkyl derivatives have 
been studied! 


N-ALKY1 derivatives of oxazolid-2 : 4-cliones have been deseribed by Ahiqvist (J. pr. Chem., 1919, 
99. 77), who obtained S-ethyloxazolid-2 : 4-dione by the hydrolytic desulphurisation of 2-thio-3 
ethyloxazolid-4-one, and by Spielman (/. Amer. Chem. Soc., 1944, 66, 1244; cf. B.P. 561,183), 
whe prepared 3-methy! derivatives of oxazolid-2 | 4-diones, having lower alky! groups in the 
5-position, by treating an aqueous alkaline solution of the appropriate oxazolid-dione with 
methyl sulphate. According to Spielman, methylation gave poor yields, and ethylation with 
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ethyl sulphate failed. The preparation of 5: plonazolid-2 : 4-dione (1; K Et) 
by a modified procedure (anhydrous conditions) was reported in a preliminary communication 
(Nature, 1947, 160, 610) and is more fully described below. It has since been possible to show 
that ethylation is effected to a limited extent by Spielman’s aqueous alkylation procedure when 
reaction is prolonged (72 hours). 


i 
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By treatment of the silver salt of 5: 5-dimethyloxazolid-2 : 4dione with ethyl! iodide 
Spielman (Jor. cit.) obtained a compound, m. p. 61--62°, which he considered to be 5: 5-<di- 
methyl-3-ethyloxazolid-2 : 4-dione. In contrast to the 3-methy! derivative, his product has 
now been shown to be unstable to dilute aqueous mineral acid which yields the original dione, 
and to aqueous alkali which yields the sodium salt of the dione. With ammonia in dry ethanol, 
it forms an imino-derivative, which is also hydrolysed by boiling hydrochloric acid to the original 
dione. This imino-derivative is not identical with 2-mino-5 : 5-dimethylosarolid-4-one prepared 
by condensation of ethyl a-hydroxyisebutyrate with guanidine (cf. Traube and Ascher, Ber,, 
1913, 46, 2077). Spielman's product is, therefore, now regarded as the 4-cnol ethyl ether, #., 
4-cthoxy-5 (11; R Et). 4-Methoxy- and 4-benrylory-5 5-di methyl- 
oxazol-2-one have also been prepared by Spielman’s method. These enol ethers slowly isomerise 
when heated at 180°, alone or in the presence of the alkyl halide, to the N-alky! derivatives 
identical with the products prepared as described below. If the alkyl group of the halide differs 
from that of the O-alky! derivative, exchange occurs. Thus, the O-ethyl derivative is converted 
by methyl! iodide at 180° into the N-methyl! derivative, and benzyl bromide similarly furnishes 
the N-benzy! derivative. 

Although O-alkylation is the preponderating reaction between the silver salt of 5: 5-di- 
methyloxazolid-2 : 4-dione and ethyl iodide at room temperature, an increasing amount of the 
N-ethy! derivative is formed as the temperature is raised. After 3 days in ether at room 
temperature, the product contains some 10°, of 5: 5-dimethyl-3-cthyloxazolid-2 : 4-dione, 
whilst after 2 hours in boiling toluene 30°, of this derivative is obtained. Work so far carried 
out suggests that the O-ethyl derivative is not necessarily an intermediate in the formation of 
the N-ethy!l compound from the silver salt. 

In view of the importance of 3: 5; 5-trimethyloxazolid-2: 4-dione (I; R « Me) in the 
treatment of *' petit mal," myoclonic and akinetic epilepsies (Lennox, J. Amer, Med. Assoc., 
1945, 129, 1069), improved methods for the alkylation of oxazolid-2 : 4-diones have been worked 
out, and new N-alkyl derivatives have been prepared for pharmacological investigation 

N-Alkylation of 5-substituted oxazolid-2 : 4-diones has now been found to proceed more 
readily and in good yield when the sodium or potassium salts are treated with an alky! sulphate 
or halide under anhydrous conditions. Thus, when 5: 5<limethyloxazolid-2 : 4-dione in dry 
ethanol ts treated first with sodium ethoxide and then with ethy! sulphate, 56: 5-dumethyl-3- 
ethyloxazolid-2 : 4-dione, m. p. 76—77°, is formed almost quantitatively, and this product is 
chemically similar to Spielman’s 3-methy! derivative. Alternatively, alkylation may be carried 
out in excellent yield in acetone solution containing anhydrous potassium carbonate. Some N- 
alkyl derivatives are most conveniently prepared directly from ethyl a-hydroxyrsobutyrate in one 
stage. The hydroxy-ester is condensed with urea in the presence of sodium ethoxide (Stoughton, 
J. Amer. Chem. Soc., 1941, 63, 2376) to form the sodium salt of 5: 5-dimethyloxazolid-2 ; 4-dione, 
and use of this solution directly for alkylation has furnished the 3-n- and -iso-propy/, 3-n- and 
-iso-bufyl, 3-n- and -iso-amyil, 3-allyi, 3-2’-methylailyl, and 3-benzyil derivatives. 

The above methods have been extended to the introduction of substituted alky! groups, the 
3-2’-Aydroxyethyl, 3-2’-ethoxryethyl, 3-2’-methylthioethyl, and 3-acetoaceioryethyl derivatives having 
been thas prepared. 5: 5-Dumethyl-3-2’-diethylaminoethyloxazolid-2 : 4-chone was very conven- 
iently prepar*d from diethylaminoethy! chloride hydrochloride by the potassium carbonate— 
acetone method, the free base being liberated mm srfw. 

N-Alkyloxazolid-2 ; 4-diones are moderately stable to mineral acids, but are rapidly 
hydrolysed by aqueous sodium hydroxide, a reaction which is used as a method of assay (Spielman, 
Joc. cit.). This hydrolysis, however, gives rise to two products—-sodiwm N-a-hydroxyisobulyryl-N - 
ethylcarbamate (111; Na) and carbonate (1V;, K « Na). 
Acidification of the hydrolysis mixture causes decarboxylation of the latter to the hydroxyamide, 
whereas it is possible to isolate the free carbamic acid, which is fairly stable and may be deter- 
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mined in the solution by titration. Utilising these facts, it has been observed that the proportion 
of lactone hydrolysis, giving rise to (111), increases with the complexity of the N-alky! substituent. 
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«- Hydrosvisobutyroethylamide, formed by decarboxylation of (IV; R «= H) as above, is a 
low-melting solid, characterwed as the 3. 5-dimitrohenszoate It ws also formed when (III: 
RK « H) decomposes on being melted. This latter decarboxylation is accompanied by partial 
cyelodehydration, yielding the original 5. 5-dimethy!-3-ethyloxazolid-2 4-dione. Decarboxy!- 
ation occurs to the extent of 76% when (LIT; K « H) is heated alone or with copper powder, but 
when an aqueous solution of the acid is boiled with copper powder this amount is increased to 
88*,,; in all cases the remaining acid undergoes cyclisation. On storage in aqueous solution at 
room temperature, the acid slowly cyclises and 5: 5-dimethyl-3-ethyloxazolid-2 : 4-dione 
erystallises from the solution. 

By alkaline hydrolysis of 2-thio-3-ethyloxazolid-4-one (V) and treatiient of the product 
with bromine, Ahlqvist (loc. ci.) obtained a product, which he considered to be N-ethylcarbamy!- 
giyoollic acid (carboxymethy! N-cthylcarbamate) (V1I}. Hydrolysis and desulphurisation, by the 
method of Ahiqvist, of 2-thio-5 ; 5-dimethyl-3-ethyloxazolid-4-one, the preparation of which is 
described in Part III (/., 1950, 36) also gives (IIT; R H)}. It seems probable, therefore, 
that Ahiqvist’s product is N-ethyl-N-glycollylearbamic acid and not (V1) 

In a publication which has appeared since the completion of this work, Spielman (/. Amer. 
Chem. Soc., 1948, 6, 1021) mentions the use of methanol as a solvent for the methylation 
procedure, the alkaline reagent presumably being sodium hydroxide as in his earlier experiments. 
He mentions also an alternative alkylation procedure, in which the potassium salt of the oxazolid- 
dione is first formed by treating the dione in “ Cellosolve " with potassium hydroxide. In 
the present work, alkylation proceeded most efficiently under strictly anhydrous conditions, and 
alkali-meta!l hydroxides were better replaced by alkoxides in alcoholic solution or anhydrous 
potassium carbonate in non-hydroxylic solvents. 


EXPERIMENTAL. 
(Analyses are by Des. Weiler and Strauss, Oxford. M. ps are uncorrected 


4 Ethowy-5 : accordance with Spielman’s procedure. a 
mixture of the dry silver salt of 5: 5-dimethyloxazolid-2 : 4-dione (60 g), dry ether (40) « « and ethyt 
wtide (50 g@ ) was set aside with occasional shaking, at room temperature for 3 days Filtration of the 
peaiuct and evaporation of the ether yielded a residue (22-4 « which was distilled The fractron 
p. partly solicified and was crystallised from dry ether, yielding a prodact 
reeryatalleation raised the m. p. to 61---62°, which is that of the product described 
by Spielman and now considered to be é-ethoxy-5  5-dumethyloxwazol-2-one 

The total ether-soluble product (4-4 ¢ ), obtained from 10 ¢ of silver salt as above was warmed with 
dilute hydrochloric acid for 15 minutes to convert the ethoxy-compound into 5: 6-dimethyloxazolid- 
2 é@dione. The cooled mixture was made alkaline with sodium hydrogen carbonate to convert the 
latter into ite socdiam salt, and then extracted with ether The ethereal extract yielded a crude resitue 
45 which an crystallisation from ether afforded 5 5-dimethy! 3-ethvloxazolid-2  4-hone, identical 
with the product described below Similarly, reaction of the silver salt (10 with ethyl iodide in boihne 
toluene for 2 hours yielded a mixed product (445 ¢.), which after treatment with hydrochloric acid and 
sodium hydrogen carbonate afforded the crude 3-ethyl derivative (1-4 

Reactions of 4-Ethory-5 (11, RK Et Treatment with a slight excess of 
2x -exligm hydrowide and back-titration with hydrochloric acid (phenolphthalein) gave equi 
Cale, 147 Acklification of the liquors and ether-extraction yielded 5. 4-du 

4} Heating the ether alone in a sealed tube at 180° for 24 hours afforded, almost quantitatively 
4-dione With ethyl convermon was almost complete after 15 hours at 
ist, but only partial after 72 hours at 140 ¢) Heating the ether with methyl iodide at 180° for 18 hours 
vielded 5-trimethvioxazolid-2 é-dione, and with benzv!l bromide under similar con:litions the 
B-beneyl dermwative (we below) was formed The O-ethyl compound (2-4 g.) in dry ethanol (20 ¢ c.) 
was treated with a stream of dry ammonia for 15 minutes The ethanol was distilled off and the residuc 
(2-2 ) reervstalheed from ethanol, being obtained as fine colourless 
mp. 270-—271° (decomp.) (PFownd: C, 465. H, 65 C,H,O,N, requires C, 46-9; H, 

hen the imino-derivative was heated on a «team-bath for | hour with hydrochloric acid, ether-extraction 
of the resulting solution yielded 5 5-dimethyloxazolid-2 4<dicne, m. p. 76—77° 

was prepared bv condensation of ethyl a-hydroxy:scbutyrate 
with guanidine (cf. Traube and Ascher, joc cit). It crystallised from ethanol as colourless prisms, m. p 
245.246" (Found: C. 470, H, 64%). The mixed m. p with the 4-imino-<derivative was 200-210 
decomp The 2-imino-derivative was hydrolysed to 5) 5-<limethyloxazolid-2 : 4-dione by heating it 
with hydroehloric ack? 
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Methoxy-S silver salt of 5: 5-dimethyloxazolid-2 4-dione in 
ethereal suspension was to react with yl iodkle at room temperature for 3 days. Filtration 
and concentration of the ethereal solution yielded the 4-mthosy-derivative as fine colourless needies, 
m. p. 153—154", sparingly soluble in ether (Pound: C, 50-15; H, 62. C,H,O,N requires C, 50-35, 
H, 63%). It was isomerised to the 3-methy! derivative by heating it at ibe" for 18 hours, and with 
alcohohc ammonia yreided 4-imino-5 5-dimethyloxaazolid-2-one. 

4-Bensyioxy-5 ether, similariy, by use of benzyl bromide, 
formed colourless needles, m. p. 147-148" (Found 67. CygH requires N, 6-45 When 
heated at 180° for 6) bours, it furnished the 3-benzy! analogue 

N- Alkylation.——The preparation of 5 5-dimethy!-3-cthyloxazolid-2 4-dione by method (a) below is 

cal of the N-alkylation procedure employed. For the introduction of higher alkyl groups the 
ides were used, and for secondary halides or 2-substituted halides the time of reaction was ger 
For products prepared see the table 
5- Dimethyl-3-cthyloxazolid-2 : 4-dione. (a) To a solution of sodium (4-6 g.) in dry ethanol (100 ¢.c.) 
were added dry urea (12 g.) and ethyl e-hvdroxyisobutyrate (26-4 g.), prepared by the method of U.S.P 
2,349,795. The reaction mixture was refluxed for 16 hours, and dissolved ammonia then removed b 
drawing a current of dry air through the boiling solution. The mixture was treated dropwise, wit 
starring, with ethyl sulphate (30-8 g-) and then refluxed for 2 hours, and the ethanol removed by distil 
lation. The residue was treated with med water and extracted with ether, the extract dried, and the 
solvent was removed. 5-Dimethyl-3-ethyloxazolid-2 4<lione (21-5 68 crystallised from 
aqueous methanol as flat, vitreous prisms, m. p. 76-—-77" (Found C, 53-7; H,7 C,H, ,O,N requires 
©, 53-5; H, 7-1%) 

(db) & 5-Dimethyloxazolid-2 : 4-dione (25-8 g.) in dry acetone (200 c.c.) was stirred for 3 hours with 
anhydrous potassium carbonate (30 g.). Ethyl sulphate (30-8 g.) was added to the mixture, which was 
refluxed for 6 hours. After filtration from inorganic material, the product (27-5 g., 87%) was isolated 
by removal of solvent and working up as above 

(c) 5° &-Dimethyloxazolid-2 4-dione (12-9 ¢.) in a solution of sodium hydroxide in water (50 
was stirred vigorously at room mpeaues with ethyl sulphate (15-4 ¢.) for 72 hours. The cry stalline 
solid which separated was crystallised from aqueous methanol, affording 5 : 5-dimethy!-3-ethyloxa- 
2olid-2 : 4-dione (3-1 g.) in 20%, yield 

Hydrolysas of Dimethyl! 4-diones 3-Ethyl derwwative, Aqueous sodinm 
hydroxide (50 ¢.c.; 0-169 N.) was added to 5: 5-dimethyl-3-ethyloxagolid-2 | 4-dione (1-011 g.) in aleohol 
(20 ¢.c.), and after 15 minutes the mixture was back-titrated with hydrochloric acid (120c.c.; &2409n ) 
using phenolphthalein (Found: equiv., 156-5. Cale equiv., 157). Hydrochloric acid (99 cx 
0249s.) was then added to the neutral liquors until carbon dioxide was no longer liberated, the carbon 
dioxide was removed by suction, and the excess of hydrochlonc acel determined by back-titration with 
sodium hydroxide (2-3 c.c 1 8On The amount of carbon dioxde liberated by decarboxylation was 
thus equivalent to 10-7 c.c, of the standard sodium hydroxide, indicating that about 31% of the oxarolid- 
2 : 4-dione had been hydrolysed to the carbonate, the remaining 69%, having given the carbamate When 
2x-sodium hydroxide was used, the former figure was 32-6%,. 


3-Alhkyl derivatives of 5: 5-dimethylosazolid-2 : 4-dione, 


Foun Required, % 

Derivative M. p. } Formula. Cc Cc H 
46-47 - C,H “1 7 

C,H,,0,% 582 5 


»-Amy! . 60-6 
tsoAmyl C pH, 


CHYCH-CH 


> 


CoH 567 6 56-8 


Hod H H 119 (0-7) 456 
39-40 110 (1-0) 4 NS 47-2 

23-— 26 107 (20) N 

methiodide... 120-—130 N 

Hydrochloride 145 ~ 
CHYCO-CH,CO-OCH t 155 (0-7) OLN $20 


* Cf. Spielman (ioc. ctt., 1948). 
+ chloride was prepared by the method of Price, Leonard, Peel, 
and Reitsema (J. Amer. Chem. Soc, 1946, 68, 1907) 


Br ¢ 2-Chioroethyl acetoacetate was prepared as described by Jones, Robinson, and Strachan (/., 
87}. 
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65-8 
456 
637 
473 
57-8 
499 
389 
450 
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The neutral liquors from 4-dione (10 g.) treated as abor. with 
bydroxxie (2) and hydrochler« aced ), after bberation of carbon dhoxide, were extracted 
comtinacusly with ether and yiekied « as a hygroscopic soapy sold, m. p. 
25-28", which coull not be purified further owing to a tendency to lose ethylamine when heated te 
fave a 3: m. p. 154" (Pound: C, 484: H. 49. €,,H,,O,N, requires ©, 450; H 
46%). The aqueces mother-liquors from extraction of the amide, after acidification with hydrochlonec 
and ether-cxtmaction, yekled -cthyicarbemu acid as colourless prisms (from 
ether), m. p. 122-123" (decomp.) (Pound: C, 481; H. 74. C,M requires C, 48-0. 74%). The 
carbamic acid (0-535 ¢ ) was heated at 130-—1460° for 15 minutes; the volume of carbon dioxide evolved 
was Sl cc. (75%). When the prodect was heated on the steam-bath in an open flask with a cold finger 
inserted at the mouth, 5: 5<imethyl-3-ethvloxazolid-2 : 4-dione condensed on the cold finger The 


on reacting with 3. S-<dimitrobenzoyl chiornde, furnished the 3° 5-dinitrobenzcate of 


lamaute 

(b) 3-Methyi Hydrolysis of 3: 5: 6-trimethyloxarolid-2 4-dione was examined as for 
the S-ethy! derivative. and the results indicated that about 40%, of the hydrolysis occurred by fismon of 
the NO bond to yield the carbonate. « Hydroxvisobutyromethylamide was readily obtained with 
m (ef. Spielman, joc cif} and afforded a 3 m p. 162° (Found: C, 46-5: 
il, 43 requires C, 46-3; H, @2%). N-methylearbamuc acid 


melted at 5° (dex omp 
B-isoPropy! derivatioe, Hydrolysis of 5: : 4-dione proceeded 


with the liberation of only 6-15 equivalent of carbon dioxide, indicating that hydrolysis of the lactone 
preponderated to the extent of 85%. N-a-/ydronyisobutyryl-N-imopropylcarbame acid had m. p 
| iecomp (Found. €, 51-1; requires C, 50-8, H, 80%) 

Hydrolyss of Thso-5 (yee Part 111} —Aqueous sodiom hydroxide 
(60 was added to : 5-dimethyl-3-ethyloxazolid-4-one (1 im alcohol (20 ¢.c.) 
After 15 minutes, bromine vapour was drawn through the mixture until it was no longer decolorised, 
The solution was then made acid to Congo-red with dilute hydrochloric acid, and extracted with ether 
Partial evaporation of the extract yielded N-e-hydroxy:sobutyryl- N-ethylcarbamik acid, mp. 122—-123°, 
whentical with the compound described above 

Herrin Lwertrere, 


[Receswed, September Ind, 1949.) 


9. Derivatives of Oxazolid-2 4-dione. Part I]. O- and 
N-Alkylation of 5-Substituted Oxazolid-2 : 4-diones.* 


By J. S. H. Davies, M. E. H. Frrzcrratp, and W. H. Hoox. 


A number of new N-alky! derivatives of 5S-substituted oxazolid-2: 4-diones has been 
prepared In the reaction of the silver salts of oxazolid-2: 4-dione and its J-substituted 


derivatives with alkyl! balides, 5-eubstitution favours O-alkylation 


Srrecaan (J. Amer. Chem. Soc., 1944, 66, 1244; 1948, 70, 1021) bas reported the preparation 
of a number of N-alky!l derivatives of oxazolid-2: 4-diones. The formation.of O-alkyl 
derivatives of 5: 5-dimethyloxazolid-2 : 4-dione and an improved method for the N-alkylation 
of 5: 5-dimethyloxazolid-2 : 4-dione have been reported in Part I (preceding paper). This 
work has now been extended in part to owazolid-2 : 4-dione and to the 5-methyl, 5-methyl-5- 
ethyl, S-benzyl-5-methyl, 5-phenyl-5-methyl, and 5: 5-dipheny! derivatives. The N-alkyl 
derivatives described herein and in Part [ have been tested for anti-convuisant activity in mice ; 
detailed results will be pablished elsewhere. 

The oxazolid-2 : 4-diones were prepared from the corresponding glycollic esters by the 
method of Stoughton (/. Amer. Chem, Soc., 1041, 63, 2376, US PP. 2,349,313, 2,349,785, 
2.372.861). The glycollic esters were prepared by known methods, but in some cases 
esterification was more efficient by the a-cotropic procedure described by Clarke and Davis 
(Org, Synth., Coli, Vol. 1, p. 261) for ethyl oxalate. Ethyl 2-hydroay-§ phenylisobutyrate, which 
was prepared by a modification of Stoughton’s method, has not previously been described. 

N-Alkylation of 5-substituted oxazolid-2 4-diores by the action of the alkylating agent 
on an alcobole solution of the sodium salt of the dione, as reported earlier, proceeded normally, 
but with oxazolid-2 | 4-dione, itself, the viells were in some cases low, probably owing to the 
high solubility of the products in 

It was shown (Part I) that réaction of the silver salt of 5: 5-dimethyloxazolid-2 : 4-dione 
with ethyl iodide in ether at room temperature caused mainly O-cthvlation with about 10% of 
N-ethylation, but that in boiling toluene up to 30°, of the N-ethyl derivative was obtained. 
The silver salt of oxazolid-2 : 4-dione itse!f, with methy! iodide, gave only the N-methyl 
derivative, 3-methyloxazolid-2 ; 4-dione, although the presence of a small proportion of 


* Patents pending. 
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O-methylation product was indicated by the formation of a trace of high-melting product, 
believed to be 4-imino-oxazol-2-one, when the reaction product was treated with ammonia. 

In contrast, the silver salt of 5-benzyl-j-methyloxazolid-2 : 4-dione with ethy! iodide in 
ether at room temperature readily afforded 4-ethony-5-benzyl-5-methylorazol-2-one, and the 
silver salt of 5: 5-diphenyloxazolid-2 : 4«lione with ethy! jodide in boiling benzene readily 
gave 4-ethoxsy-5 5-diphenyloxazol-2-onme, a search for 5: 5-diphenyl-3-ethyloxazolid-2 4-dione 
revealed only traces. The amount of O- relative to N-alkylation in this reaction thus varies 
with substitution in the 5-position in the order diphenyl- > dimethyl. > unsubstituted 
oxazolid-2 4-dione. 

The above-mentioned oxazolones have been isomerised to the corresponding 3-ethyloxazolid- 
2 : 4-diones by treatment at 180° with ethyl! iodide as described in Part 1. 


EXPERIMENTAL. 
(Analyses are by Drs. Weiler and Strauss, Oxford. M. p.s and b. p.s are uncorrected.) 


Ethyl a-Hydrosy-8-phenylisobutyrate mixture of benzvl methyl ketone (300 and piperidine 
(2-5 cc.) was added slowly during 15 minutes to anhydrous hydrogen cyanide (150 ¢), with stirring and 
cooling. The temperature was allowed to rise to a maximum of 30° and, after completion of addition 
of the ketone, was reduced to 0", and stirring was continued for | hour. The mixture was then added 
dropwise to fuming hydrochloric acid (600 ¢.c.) at 0°, saturated with gaseous hydrogen chloride, stirred 
at 0° for 4 hours, and allowed to attain room re overnight. It was then filtered from 
precipitated solid and neutralised with aqueous sodium hydroxide (40%), the temperature being 
maintained below 15°. The precipitate was filtered off and dried. Crystallisation from benzene 
furnished (211 g.), m 83° (Found: C, 67-3; H, 70 
requires C, 67-40: H, 73%). The acid was obtained by boiling the amide with sodium hydroxide 
solution (40°) for 1} hours and was esterified by the azeotropic method of Clarke and Davis (loc. cit | 
Ethyl a-hydroxy-B-phenylisobutyrate was obtained as a colourless mobile oil, bp. 41—142°/19 mm, in 
65%, yield (Found: C, 603, H, 78 C,,H,,O, requires C, 69-2; H, 7-7%,) 

3-Alhylosarolid-2 : 4-diones The products recorded in the table were prepared as described in 
Part 1 by condensing the appropriate a-hydroxy-esters with urea in presence of sodium ethoxide and 
alkylating the sodium salt of the dione so obtained. They crystallised frora methanol, ethanol, ot 
ether 


Preparation of 3-alkyloxazolid-2 4-diones, 


co 
NR, 
Found, %. Required, 
R, K, B. P. af. Formula. H 
137-139 4614 i 66 
16 mm 
n-Amy! 144-148, 11-4605 
15 mm 
725mm. 11-4815 C,H,O,N 
Mech, 44-45 143 13mm C,H,O,N 
CHy C,H, 44045 ~- CyH,ON 
cH, fon, 1-4531 C,H,,O,N 
mm 
(CH, 84-87, 14530 
mm 


CH yCMe-CH, 14709 57 7 
CHyCOMe - C,H,O,N aot 


Et 14447 5 
Bue 14459 S84 83 


- “5, 14593 C,H 
CH,Ph Et : - — CyH,ON 67 7 674 
Ph Me 55 66-4 
Ph Et — C,,H,,O,N 724 
* Semicarbazone, m. p. 193-194", from ethanol (Found: C, 426, H. 54 requires 
42-1; H, 5-3%). 


Reaction of the Silver Salt of Oxvarolid-2 - 4-diowe with Methyl lodide —The dry silver salt of oxazolid- 
2: 4-dione (10 g), suspended in a mixture of dry ether and methyl iodide (20 ¢ ¢.) was eet aside at 
room temperature for 3 days. Filtration, evaporation, and crystallisation of the residue from ether 


R,. 
H H 
H 

H oH ; 
H H 
H M 
H OM 
H 

H Me 66 62 
H* Me To 
Me Et 77 ou 
Me Et 
Me 
Me 
Me 
Ph 


Davies, Hook, and Long : 


jeided 3-methyloxazclid-2 ¢dione (0-75 m. p. and mixed m. p. with an authentic specimen, 134° 
Sxtraction of the filter cake with dry ethanol yielded a further quantity of the 3-methy! derivative 
Treatment of the mother-lquors from these extractions with aqueous ammonm, and — evaporation 
of the solvents, yiehded a product (0-05 g presumably m. p 15—220° | Found 

C, 367; H. 39 CH ON, requires C, 360, H, 40%, 

dry silver salt of 5-benzyl-5-methyloxazolid-2 4- 
diowe (11 ¢.) was suspended in a mixture of dry ether (100 cc.) and ethyl iodide (20 c.c.), the mixture 
set aside tor 3 days and the solid filtered off. The ether, on distillation, gave a residue (64) g.), which 
on crystallisation from ethanol yielded the orarciene as colourless needles, m. p. 110—I111° (Pound 
C, 673, 66. requires C, 670; H, 64%) 

The oxazclone (1-0 @)} in ethyl iodide (5 ¢.c.) was heated in a sealed tube at 180° for 20 hours The 
praiuct was dissolved in ether, the ethereal solution washed with thiosulphate solution and with sodium 
carbonate solution, and the solvent distilled. The residue after crystallisation from ether gave 5-benzy! 
5-methy}-2-ethyloxazolid-2 © é-dione, m. p. and mixed m. p. with an authentic specimen, 71-~72 

4-Lihosy 5 he dry silver salt (18 g.) of 5: 5-diphenyloxazolid-2 4-dione 
was suspended ina mixture of dry benzene (150 ¢.c) and ethyl todide (15 cc.) The mixture was boiled 
under reflux for 2 hours and then filtered and the solvent distilled off from the filtrate. The remdue 
after 3 crystallisations from ether yielded  5-diphenylosazul-2-one as colourless prisms, mp 
100-101 (Found: C, 724, HL 5. C,,H,,O,N requires C, 726: H, 53%). The total ethereal 
mother-liquors were shaken for § hour with warm dilate hydrochloric ac id and then extracted with 
aqueous sxlium hydrogen carbonate to remove 5 5-diphenyloxazolid-2 : 4-dione arising from the 
hydrolysis of any residual oxazolone. The ethereal solution was dried and the solvent distilled, icaving 
a residue (0-1 from which by crystallisation from ether 5; 4-dione, 
idential with an authentic specimen, was obtained 

rhe oxasolone (0-5 g.) in ethyl iodide (2 «.c.) was heated in a sealed tube at 180° for 20 hours. The 
prodact was disolved tp ether, the solution washed with aqueous sodium thiosulphate, and the solvent 
distilied off. Crystallisation of the residue from ether yielded 5 : 5-dipheryl-3-cthyloxazolid-2 : 4- 
dione, m. p. and mixed m. p. with an authentic specimen, 89-90" 


Our thanks are due to Mr. T. Deegan for some of the preparations, and to Miss Audrey Hudson for 
pharmacolagical tests 


Berrian Reseascn Ixerirvte, 
Foor, Recewed, September Ind, 1949 


10. Derivatives of Oxazolid-2: 4-<dione. Part III. The Alkylation 
of 2-Thio-oxazolid-4-ones.* 
By Jj. S. H. Davres, W. H. Hook, and F. Lone 


Alkylation of 2-thio-oxasolid-4-ones yrekis a mixture of the fing 2-thio-3-alkyi 


oxazotid-4-ones and 2alkylthio-oxazol-4-ones. The factors which influence the proportions 
+ 


of N~ and S-alkylation are indicated 4 number of 3-aikyloxazolid-2 : 4<liones has been 
prepared trom the 2-thio 3-alkyloxazolul -4-ones 


iw Parts I and 11 (preceding papers) the alkylation of the sodium and silver salts of oxazolid- 
2: 4-diones has been examined and the results show that the sodium salts are alkylated in the 
}-position, #.¢., on the N-atom, whilst the silver salts give a mixture of the 3-alky! derivatives 
and 4-alkoxvoxazol-2-ones, the proportions depending on the ternperature (lower temperatures 
favouring the formation of the latter) and the nature of the substituents in the 5-position 
It was also shown that the 4-alkoxyoxazol-2-ones were isomerised by heat to the corresponding 
S-alkyloxazolid-2 4-diones 

It became of interest, therefore, to examine the alkylation of 2-thio-oxazolid-4-ones, where 
the effect of tautomerism involving the 2- and 3-positions would be expected to be 
more pronounced than that of the 3- and 4-positions in oxazolid-2 ; 4-diones. A second 
reason was the fact that 2-thio-3-alkyloxazolid-4-ones, like 2-thio-oxazolid-4-ones themselves, 
are readily converted into the corresponding oxazolid-2 : 4-diones by a vanety of reagents, 
and the method affords another route to 3:5-5 trimethyloxazolid-2 : 4-dione, which has been 
shown to be of value in the treatment of “ petit mal" (Lennox, J. Amer, Med. Assoc., 1945, 
129, 1069) 

Urech (Ber., 1873, 6. 1113, 1878, 11, 467) has shown that 2-thio-5 5-dimethyloxazolid- 
j-one (1; R = H) is formed when an aqueous solution of potassium thiocyanate, potassium 
evanide, and acetone is treated with hydrochloric acid. Erlenmeyer, Kleiber, and Loebenstein 
(Hele. Chim. Acta, 1938, 31, 1010) have similarly prepared 2-thio-5-methyl-5-ethyloxazolid- 
4-one from methyl! ethyl ketone and converted it into 5-methyl-5-ethyloxazolid-2 : 4-dione. 


* Patents pending 
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Improved conditions for the preparation of these two thio-oxazolidones by Urech's method 
have been developed and the method has been extended to the preparation of 2-thio-oxazolid- 


© 0 
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4-one from formaldehyde,’ and of 2-thie-5-methyloxazolid-4-one from acetaldchyde The 
method was most successful for the 5: 5-<dimethy!l derivative, which is now readily obtained in 
65-75", yield, although the reaction even in this case is very slow. The condensation with 
methyl ethyl ketone proceeds still more slowly, even on warming, partly owing to the lower 
solubility of the intermediate cvanohydrin, and the yield of product is much less; and attempts 
to condense benzyl methy! ketone and acetophenone with cyanide and thiocyanate uncer these 
conditions failed. 

The alkylation of 2-thio-5 : 5-dimethyloxazolid-t-one ‘has been examined in alcohol, in 
other organic solvents, such as acetone and benzene, and in water in the presence and absence 
of various alkaline reagents. The best conditions for 3-alkylation have been applied to the 
preparation of various 2-thio-3-alkyloxazolid-4-ones and these compounds have been converted 
into the corresponding oxazolid-2 ; 4-diones. 

Ethylation of 2-thio-5: 5-dimethyloxazolid-4-one with ethyl sulphate in ethanol in 
presence of one equivalent of sodium ethoxide gave an N-cthylation product, 2-thie-5: 5 
dimethyl-3-cthyloxazolid-4-one (1; RK = Et), and an S-ethylatson product, 2-cfhyithio-5: 5 
dimethyloxazol-4-ome (II1;. R= Et), which were separated by fractional distillation and 
crystallisation. The N-ethy] derivative is moderately stable to dilute mineral acid, but is 
hydrolysed by cold aqueous sodium hydroxide to sodium N-a-hydroxyisobutyryl-N-cthylihio- 
carbamate (cf. Part 1). It can be determined by titration, as in the case of the 3-alkyloxazolid- 
2: 4-diones (Spielman, ]. Amer. Chem. Soc., 1944, 66, 1244), but the end-point is transient 
owing to the rapid cyclisation of the free thiocarbamic acid to re-form the thio-oxazolidone 
2-Ethylthio-5 : 5-dimethyloxazol-4-one is unstable in moist air and is rapidly hydrolysed by 
dilute mineral acids to 5: 5-dimethyloxazolid-2 ; 4-dione with evolution of ethanethiol; with 
aqueous alkali, the hydrolysis pre weeds more slowly to form the alkali-metal salt of the oxazolid- 
dione, but with ammonia 2-umino-5 : 5-dimethyloxazolid-4-one is formed, which is identical 
with the product prepared by the method of Traube and Ascher (Ber., 1913, 46, 2077) 
Preliminary attempts to isomerise the S-ethyl to the N-cthyl compound were unsuccessful 
Methylation of 2-thio-5 > 5-dimethyvloxazolid-4-one also gave a mixture; the S-methyl 
derivative was not isolated, but its presence was shown by the evolution of methanethiol on 
acidification with dilute mineral acid and by the isolation of 5: 5-dimethyloxazolid-2 : 4-dione 
from the hydrolysed product. 

The ease of hydrolysis of the S-methy! derivative afforded a convenient method for the 
quantitative isolation of the N-methyl derivative. The total methylation product was treated 
with dilute hydrochloric acid, and the oxazolid-dione was separated from the N-methyl 
derivative by extraction with aqueous sodium hydrogen carbonate. This method has been 
applied throughout for determining the relative amounts of S- and N-alkylation products 
formed, the amount of S-alkylation being based on the weight of the recovered oxazolid-2 «4. 
dione. In ethanol with methyl sulphate and sodium ethoxide, the yield of the 3-methyl 
derivative was 21°, and with potassium ethoxide 27°,, but in the absence of an alkaline reagent 
only S-methylation occurred. 

In other non-aqueous solvents, such as acetone and benzene, 2-thio-5: 5-dimethyl- 
oxazolid-4-one was methylated with methyl sulphate in presence of sodium, potassium, and 
barium carbonates, the yields in acetone being 31%, 44°, and 49%, respectively, and 20%, 
with potassium carbonate in benzene; with no alkaline reagent present, only partial 
S-methylation took place. It is of interest that when ethylation 1s carried out in hot commercial 
dioxan with potassium carbonate and excess of ethyl sulphate the main reaction product 1s 
5: 5-dimethyl-3-ethyloxazolid-2 : 4-dione. Presumably, the S-methyl derivative initially 
formed is decomposed by potassium carbonate in boiling dioxan, and the resulting oxazolid- 
dione is then re-alkylated. 2-Thio-3 : 5-dimethyloxazolid-4-one, 2-thio-3 : 5-dimethyl-5-ethyl- 
oxazolid-4-one and 2-thio-5-methyl-3 : 5-diethyloxazolid-4-one were prepared by the acetone- 
potassium carbonate procedure. Benzylation of 2-thio-5: 5-dimethyloxazolid-4-one in 
acetone with benzyl bromide and potassium carbonate for 14 hours gave 4 small yield of the 


Dawes, Hook, and Long: 


B-benzyi derivative, which was wolated only with difficulty owing to the presence of considerable 
quantities of toluene-w-thiol and higher-boiling, related products. The indications were, 
however, that S-benzylatim largely predominated. With benzyl chioride for 14 hours, a low 
yield of 56: 6-dimethyl-3-benzyloxazolid-2 4-dione was obtained. 

When methylating 2-thio-5 . 5-dimethyloxazolid-4-one in aqueous solution, it was again 
found that the proportion of N-methylation varied with the nature of the alkaline reagent | 
with one molecslar proportion of potassium hydroxide, the yield of the N-methyl derivative 
was 18% and of S.methy! derivative 64%, (estimated as the oxazolid-2 : 4-dione); with three 
molecular proportions of potassium carbonate, the yield of the N-methyl derivative rose to 31°, 
with a corresponding decrease in S-methylation, but with sodium carbonate or potassium 
hydrogen carbonate, the yield of the N-methyl compound was only about 20°. It will be 
seen from the foregoing and from the experimental section that the course of methylation is 
imfluenced by a number of factors. In aqueous solution, increased alkalinity of the reagent, 
«.4., Une ase of potassium carbonate in place of hydrogen carbonate, and increase in size of the 
cation, ¢g., the use of potassium carbonate instead of sodium carbonate, favour N-methylation. 
In alcohol or acetone, the effect of the basic cation is still apparent, the highest yield (49%) of 
N-methylation product being obtained by methylating the barium salt of 2-thion-5 : 5-dimethyl- 
oxazolid-4-one in acetone, When considering the efiect of solvent alone, it will be seen that 
the proportion of N-methylation increased in the order : benzene << water < aloohol < acetone. 

The 2-thio-3-alkyloxazolid-4-ones were readily converted into the corresponding oxazolid- 
diones by treatment with chlorine or bromine water and also by acid permanganate. 


EXPERIMENTAL. 
(Analyses are by Prs. Weiler and Strauss, Oxford. M. p.s and b. p.s are uncorrected.) 


2. --Sodium cyanide (270 ¢., 5-5 mols.) and potassium thiocyanate (485 g., 
5 mols.) were dissolved in water (550 ¢ cc) and formaldehyde solution (400 ¢c , 5 mols.; 37%) was 
added with cooling and stirring. Concentrated hydrochlone acu (1.250 cc.) was then added dropwise 
and the temperature kept below 10 After filtration f,om the inorganic salts, the filtrate was set aside 
for 4 weeks and then continuously extracted with ether. The crude residue (211 g.), obtained after 
distilling off the ether, was crystalheed from water and 2-thio-oxazolid-4-cme (154 g.; 32%), 
m. p. 115-116" (Pound: C, 3685; H, 245; N, 124; Cale. for ¢ 
26; N, 11-05; S, 274%) Ablqvist (J pr. Chem, 1919, 9B, 56) gives m. p. 111-112". The 
yield was raised to 4%, by addition of concentrated sulphuric ackd to the maim filtrate (10% of the 
volame) aod storage for ¥ weeks 

assing bromine vapour into its solution in aqueous methanol, the thio-oxazolidone gave 
2° é-dione, m mixed with an authentic specimen, 89-11" 

Taso 4 ~Sedium cvankle (54 ¢.. mols.) and potassium thiocyanate (97 
1 were dissolved in (125 ¢.c.), and acetakdehyde (54 1-2 mois.) was added slowly with 
stirring and go! cooling, as much heat is evolved. Concentrated hydrochloric acid (250 ¢.¢ ) was added 
to the stirred mixture, the temperature being kept below 10 The homogeneous solution was stirred 
for a further hour, and the inorganic salts were filtered off and washed with dilate! hydrochloric acid 
(20 «x 1.1 by vol After | week, the light-brown crystalline solid (32 g.; 25%) was collected, and 
sulphur ach? (40 cc) added to the filtrate, which on storage for a further § weeks deposited a second 
crop of crystals (38g ; 20%). The united crops were crystallised from benzene, whereupon 2-thto-5- 
veda was obtained as rosettes of colourless, prismatic needles, m. p. 93-—94° (Found: 

HL requires C, 36-65; H, 38%). The yield on a) 5-molar scale was 47%, 

5 vid-4-ome — Sodium cyansde 4270 55 mols) and potassium thiocyanate 
‘65 were dissolved in water (750 and acetone (4) c.c., 7 mols | was added. The mixture 
was stirred and cooled to 6°, and concentrated hydrochloric acid (1,250 c.c.)"slowly added during about 
5 hours, the temperature being kept below 10 After | hour's stirring the inorganic salts were filtered 
off and washed with dilute hydrochloric acid (125 ¢¢ : 1:1 bwvol). Potassiem thiocyanate (420 ¢., 
tetal of 5 mola) in water (400 ¢ c.) was then added to the filtrate kept below 5°. The inorganic salts 
which separated were filtered off and washed with diluted hydrochlotic acid, and the filtrate and 
washings set aside for 7 days The first crop of material (204 ¢) was filtered’ off and concentrated 
sulphuric acid (200 ¢.c) added to the Gitrate After 6 weeks another crop (323 g.) separated and after 
12 weeks a third crop (19 ¢)} The onited crops were dissolved in ether, the solution filtered 
from insoluble impurity, the solvent removed, and the residual 2-thio-5 5-dimethyloxazolid-4-one 
(S91 g., 73%) crystallised in portions from water. The yield from acetone cyanohydnn and potassium 
thiocyanate after about § weeks was 64%, 

2 general procedure of the previous experiments was 
followed with methyl ethyl ketone (265 cc. 3 mols), sodium cyanide (135 g., 2-75 mols.), potassium 
thieevanate (242-5 2-5 mols), water (315 cx and concentrated hydrochloric acid (425 cc.) 
Stirrmg was continued for 16 hours before filtering off the in rRanic salts, which were washed with a 
mixture of water (25 cc.) and concentrated bydrochionec The united filtrates and 
washings were stirred at 40-45" for § days and then set aside for , The yellow solid (155 «) 
was filtered off, washed with dilated hydrochloric acid and dried at 50°. Concentrated sulphouric acid 

(1) ¢ ¢.) was added to the wnited filtrates and washings. followed by enough water to dissolve the oi] 


ow the surface of the solution | after 6, weeks a further crop (25 ¢)} was obtained. The united crops were 
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dissolved in cther, the solut was fil d, and the solvent distilled from the clear filtrate. The 
residue, a light-yellow solid (140 g ; 35%), on crystallisation from hot water, furnished 2-thic-}-methyl- 
5-ethyloxazohd-¢-one, colourless needies, m. p. 106", as described by Erlenmeyer, Kieiber, and 
Loebenstein (doe est). 
(300 C.€.}, and potassium carbonate (87 g.. 0-63 mol) were stirred for 2 hours, methy! sulphate (72 g., 
57 mo!) was added, and the mixture botied under reflux for 3 hours; after removal of the acetone, 
water (200 cc.) and concentrated hydrochioric acid (75 ¢.c.) were added in turn. Extraction with 
carbon tetrachloride, washing the extract with aqueous ammonia (2n.) and distillation of the dried 
solution gave a colourless oil, b. p. 134-—146°/15 mm., which solidified, and crystallisation from a mixture 
of ether and hight petroleum | ib. p. 30-—40"; 1:1 by vol.) gawe 2-thto-3 as 
needies (27-5 g.; 38%), m. p 74—15° (Pound: C, 41-9; H, #85. C,H,O.NS requires 

, 41-4; H, 485%). - A current of chiorme was passed through a mixture of the thon compound (20 g 
in carbon tetrachloride (80 cc) and water (30 cc). Ether-extraction and distillation furns 
3 : 5-dimethyloxazolid-2 ¢-dione as an oil (12-65 71%), b. p. 116-—125° 22 mm. (Found C, 46-05; 
H, 5@. Cale. for 465; H, 565%) 

mol.) in acetone (120 ¢.c.) was stirred with anhydrous potassium carbonate (34 g., 25 mol) for 2 hours 
until neutral. Methyl sulphate (25 ¢.. 022 mol.) was added dropwise during } hour; heat was evolved 
and the mixture was boiled under reflux for 1} hours. After removal of the solvent, the resiiue was 
stirred with water (80 cc), concentrated hydrochloric: acid (745 ¢.c.) was then added and the methane- 
thiol evolved burned in a current of coal gas. Extraction of organic maternal with carbon tetrachlonde, 
removal of 5-methyl-5-ethyloxazolid-2 4-dione with dilute ammonia (100 2n.), drying (Na,SO,), 
and tractional distillation furnished 2-hio-3 : (15-95 g.; 46%) as 
colourless oil, 116-—-122°/14 mm., which solidified when kept and then melted at 30-—33° 
Crystallsation from light petroleum (b p. 40—60") yielded colour . prismatic neeiies, m. p. 34° 
(Found: C, 48-75; H. 63, N, 86 C,H,,O.NS requires C, 46-56, H, 635: N,& 1%). A current of 
chiorine was into a solution of the thion compound (13-15 ¢.) in carbon tetrachloride (15 oc.) 
and water (15 cc.) for 1} hours, the temperature ing kept below 5°. After newtralisation and 
extraction with ether, removal of solvents gave an oi (99 «). which on fractionation furnished 
3: 5-dimethyl-65-ethyloxazolid-2 : 4-dione (8 g 67%) as a colourless oil, b. p. 100-105" /16 mm. (Found 
C, 53-7; H, 7-35; N, Cale. for C,H,,O,N: C, 63-6; H, 745; N, 89%) 

2-Thio-5-methyl-3 5-diethylosasold-4 one —4m replacement of the methyl! sulphate by ethy! sulphate 
(32-4 g., 0-21 mol) in the above experiment, addition of more acetone (total 250 c.c.); and botling ander 
reflux for 5 hours, 2-thio-5-methyi-3 5-diethylovarcld-4-one was obtained firet as an oil, 
120-132" /35 mm, which solidified when kept melted at 20--32°. Crystallisation from light 

roleum (b large, colourless prisms (15-4 g.; 41%), m. p. 32-33" (Pound : ¢ 

14; H, 675; N, C,H,O NS requires C, ety H, 605; N, 75%). On hydrolytic 
de-sulphurisation the compound (12-7 gave 5-methyi-3 4-dione as a 
slightly yellow oil (#85 ¢.), b. p. 100-—102°/15 mm, (Found: N, 7-9. Cale. for C,H yO WN: N, 2%) 
2-Thso-5 tone and 2-Ethylthio-5 —(a) 2-Thio- 
5: 5-dimethyloxazolid-4-one (29 g., @2 mol.) was dissolved in a solution of sodium ethoxide obtained 
from sodium (46 ¢.. &2 mol) and dry ethanol (100 cc), and ethyl sulphate (30-8 ¢.. 0-2 mol.) was added 
to the clear solation. After 6 hours’ boiling under reflux, the solution was fractionally distilled in a 
vacuum. The fraction, b. p. 80-—85°/1-56 mm., was crystallised from methanol, giving 2-thto-5 ; 5- 
as colourless, glistening plates, m. p. 62-63" (Found: C, 6-7; 
S, 189 C,H,,O,NS requires C, 48-6; H, S, 18 5%) he fraction, b. p. 85---#0°/1-5 mm., 
erystallied from dry ether to give 2-cthylihio-5 5-dimethylosazol-4-one as colourless, vitreous prisms, 
m. p. 27-28" (Pound: C, 488; H, 66; S, 165%). When shaken with dilute hydrochloric acid, the 
oxazolone decomposed evolving ethanethiol and ether-extraction of the liquors gave 5: 5-dimethyl- 
oxazolid-2 : 4-dione, m. p. and mixed m. p. with an authentic specimen, 76--77°. When shaken with 
aqueous amonia (2N.}, the oxazolone deposited 2-imino-5 : 5-dimethyloxazolid-4-one, m. p. and mixed 
m p. with an authentic specimen, 245246". The thio-oxazolidone (17-3 g.. 0&1 mol) in carbon tetra- 
chloride (15 c.c.) was stirred with water (15 c.c.), and chlorine passed through for } hour at below 10°, 
Excess of chlorine was removed by a current of air, the two i ers were separated, and the aqueous 
layer was further extracted with carbon tetrachloride The united extracts were then washed in turn 
with aqueous potassium hydrogen carbonate and sodium thiosulphate and then dried, and the solvent 
distilled off. residue, on crystallisation from ether, afforded 5: 4- 
dione, in 90% yield, having m p. and mixed m. p. with an authentic specimen, 76-77 

b) 2-Thio-5 : 5-dimethyloxazolid-4-one (145 g. 1 mol) was dissolved in acetone (1,200 cc); 
after the mixture had been stirred with anhydrous potassium carbonate (170 ¢. 1:2 mols) until newtral 
(3 hours), ethyl sulphate (162 g., 105 mols.) was added slowly with vigorous stirring The mixture 
soon solidified and it was necessary to break ap the mass with a glass rod. The mixture was then 
boiled ander reflux for | hour he acetone was distilled off, finally under reduced pressure, water 
added, and the mixture stirred to hydrolyse unchanged ethyl sulphate. The mixture was acidified with 
concentrated hydrochloric acid (150 ¢ ¢.)j, and the ethanethiol evolved burned in a current of coal gas 
The solution was extracted with carbon tetrachloride, and the organic layer washed with aqueous 

‘assium carbonate and dried. The crude product after eva tion of the solv of was washed with 
ight roleum (b. p. 40-60") and crystallised twice from the same solvent ield of 2-thio- 
5: 5-dimethyl-3-ethyloxazolid-4-one thus obtained was 70 (40%) The ponate washings 
were acidified and 5 - 5-dimethyloxazolid-2 : 4-dione was isolated with the aid of ether 

When the ethylation was carried owt in commercial dioxan by the following procedure, 5: 5-di- 
methyl-3-ethyloxazolid-2 : 4-dione was obtained. 2-Thio-5: 5-dimethyloxarolid-t-one (725 05 
mol) was dissolved in dioxan (300 cc), and ethyl sulphate (78 ¢.. 0-51 mol) was added with stirring. 
The mixture was boiled under reflux for 44 hours at a bath temperature of 115°. Anhydrous potassiom 
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carbonate (166 g., 1-2 mols) was added to the cooled solution, and the mixture warmed slowly to the 
b under reflax, whereupon ethanethiol was evolved. Ethy! sulphate (78 g.. 0-41 mol.) was then 
dropwise at the b. p. during | hour, and boiling continued for 5 hours. The solvent was then 
dastilied dealiy under reduced pressure, and water (200 c.c.) and carbon tetrachloride (50 c.c.) were 
added. After the misture had been stirred overnight, concentrated hydrochloric acid (150 c.c.) was 
added, and « further addition of water (350 ¢.c.) was necessary to dissolve inorganic salts. The organic 
layer was separated and the aqueous layer extracted 3 times with carbon tetrachloride. The combined 
extracts were washed with aqueous ammonia (Zn) and dried (Na,SO,). Evaporation yielded a brown 
ot which partly crystallised and gave 4-dione (41-1 g.; 52%) having 
m. Ewe mixed m. p. with an authentic specimen, 76—-77° 
hen the ethylation was carried out by beating equimolecular quantities of the thio-oxazolidone 

and ethy! salphate for } hour at 100-110" (bath temperature), little reaction taking place at 80°; 60% 
of 5: S-dimethyloxazolid-2 4-dione and about 5% of 5: : 4-dione were 
after acidification with hydrochloric acu 

2-Tato-3 —2-Thio-5 : 5-dimethyloxazolid-4-one (29 g.. @2 mol) 
was dissolved io a solution of sodium ethoxikle obtained from sodium (4-6 ¢.. 02 mol.) and dry ethanol 
(100 «.¢.), and treated dropwise with methy! sulphate (26-2 g., 0-2 mol.). The mixture was boiled under 
refiax for | hour, the alcwhol distilled, and the residue stirred with a slight excess of dilate hydrochloric 
acid, methanetiuoi wasevolved. The product was extracted with ether, the solution washed with aqueous 
sodiam hydrogen carbonate, the solvent distilled, and the residue fractionated. The fraction, b. p 
106-—106°/% ram., was crystallised from aqueous methanol and gave 2-thio-3 
(21%) as colourless, glistening plates, m. p. 54-55" (Found: C, 45-0; H, 50; S, 19-6. C,H,OWNS 
requires C, 45-3; H, 5-7, 5, 201%). With potassium ethoxide (2 mol.) in place of sodium ethoxide, 
the yield was 27%. and with no alkali present only partial S-methylation occurred 

Desalpherisstion of the thio enngoitione with chierine or bromine water gave an almost quantitative 
yield of 3. 5: 5-trimethyloxazolid-2 : 4-dione, m. p. and mixed m with an authentic specimen, 
45-46 Desulphurisation with permanganate was carned out as follows 2-Thio-3 : 5: 5-trimethyl- 
oxazolid -4-one (31-8 ) was suspended in water (25 c.c.), and a warm solution of potassmmm permanganate 
ia sulpharic acwd (2s), saturated at 50°, added in portions with stirring until the solution exhibited a 
permasent pink colour The solution was then treated with sulphur dioxide to dissolve oxides of 
manganes*, satarated with salt, and extracted with ether. Evaporation of the dried ethereal solution, 
followed by cooling to ~—10°, gave 3: 5: 5-trimethyloxasolid-2 é<dione in almost quantitative yield 

Methylation of 2-Thio-5 om Other Solvents.—(a) In water. A solution of 
the thie-oxazolidone (1 mol} m an aqueous solution of the alkaline reagent (see below) was cooled in 
ter, and methyl sulphate (1-4 mols) was added dropwise with vigorous stirring. Starring was continued 
for 24 hours and the solution then made aced to Congo-red with hydrochlonec acid. Sufficient carbon 
tetrachloride to dissolve the Drecipitated organic solid was added and stirring continued for 2 hours 
The solution was thes made alkaline with aqueous sodium hydrogen carbonate, and after being stirred 
for | hour the carbon tetrachloride layer was separated, washed with fresh aqueous sodium hydrogen 
carbonate, dried and distilled The N-methyvlation product, 2-thice-3 : 5: 5-trimethyloxazolid-4-one, 
b p. mm., was collected. 6: 5-Dimethyloxazolid-2 4-dione, formed by decomposition of 
the S-methylation prodact, was isolated from the acidified mother-liquors and washings by ether- 
extraction 

The percentages of N- and S-methylation occurring in aqueous solution with the ase of various 
alkahne reagents are given tn the following table 


N-Methyl- S-Methyl- N-Methyi- 5S-Methyl- 
Alkaline reagent. tion, ation, %,. Alkaline reagent ation, %. ation, Pia 
mol K,CO, (1-5 mols 2a 
*KOM (3 mols) 4 K,CO, (3 mols a 56 
KHCO, (3 mols.) 22 60 Na,CO, (3 mols.) 2 65 


* The bulk of the product was decomposed by the strong alkali. 


{b) Im acetone and benzene. A solution of the thio-oxazolidone (1 mol.) was stirred with the alkaline 
reagent (see below) for 2-3 hours to allow the alkali-metal salt to be formed, and methyl sulphate 
{1-25 mols) added dropwise to the resulting suspension. The mixture was boiled under reflux for 
3 hours, the solvent distilled, and the residue treated with dilute hydrochloric acid and worked up as for 
methylation in water, In acetane, a lower-boiling by-product, probably acetone dimethyl mercaptol, 
b. 46°/17 mm., was obtained (Found: C, 441; H. 86. C,H,,5, requires C, 44-1; H, 88%). 

rhe amount of N-methylation occurring is given in the following table : 


Solvent Alkaline reagent. N-Methylation, %. Solvent. Alkaline reagent. N-Methylation, %. 
Acetone Na,CO, (2 mols) 31 Benzene . K,CO, (2 mols.) 20 
K,LO, (2 mols.) None. Partial S-methy!- 
Ba( ation, only. 


In the experiment with barium hydroxide and barium carbonate, the solution of the thio-oxazolidone 
was firet stirred with an excess of barmm hydroxide and then filtered, and methyl sulphate was added 
ta the Bitrate in presence of excess of barium carbonate 

2. Tate A mixture of 2-thio-5  5-dimethyloxazolid-¢-one 
(45 g., @33 mol) in acetane (200 « « ) aod anhydrous potassium carbonate (60 g., 0-43 mol.) was stirred 
for 2 hours. Benayl bromide (65 ¢.. 0-38 mol.) was added and the mixture boiled under reflux for 
tg howrs. Acetone was distilled off, and the residue stirred with water (150 c.c.) and carbon tetra- 
chieride (200 ¢<). The organic layer was separated, washed with water, and stirred with warm 
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hydrochioric acid (200c.c.; 2n_), then washed in turn with water and aqueous ammonia (2x.), dried, and 
distilled. The fraction, b. p. 174-—185"/5 mm., on storage and cooling deposited crystals, m. p. #185". 
Repeated crystallisation from ether furnished a small quantity of 2-tAto-3-bearyl-5 : 5-di vylosasohd- 
¢-one, m. p. (Found: C, 61-2: requires C, 61-25; H, 5-5%) 

Under the following conditions of benzylation, 3-benzyl-5 5-<dimethyloxazolid-2 4-dione was the 
only product obtained pure. 2-Thio-S : 5-dimethyloxazolid-4-ane (29 g , 0-2 mol.) in acetone (120 ¢.c.) 
was stirred with anhydrous potassium carbonate (44 g , 0-32 mol.) for 2 hours to form the potassium 
salt, benzyl! chloride (35-5 g , 0-3 mol.) was added, and the mixture was boiled under reflux for 14 hours 
After removal of the acetone, water (100 ¢.c.) and then concentrated hydrochloric acid (100 ¢.c.) were 
added, and the mixture was extracted with carbon tetrachloride The extract was washed with aqueous 
ammonia (4n.), to remove 5: 5-dimethyloxazohd-2 : 4-dione, and dried and the solvent distilled. The 
first fraction, b. p. 94—06° 30 mm., containing toluene-w-thiol and related products, was discarded. 
The second fraction, a yellow oil, b. p. 164-~180°/15 mm., when mixed with ether and light petroleum 
and cooled gave 3-benzyi-5 : 5-dimethyloxazolid-2 : 4-dione (5-15 ¢.), which after crystallisation from 
light petroleum (b. p. 60-80") had m. p. 56—57° and did not depress the m. p. of an authentic specimen, 
m. p. 661°. Its constitution was confirmed on attempted de-sulphurisation with chiorine water ; 
it was recovered unchanged 
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11. Potential Trypanocides of the N-Heterocyclic Series. Part IT. 
Analogues of Dimidium Bromide. 


By L. P. Watts and N. Wuairraxrr. 


The synthesis of analogues of dimidium bromide (111; K « Ph). in which the ®-phenyl 
group is replaced by a eyclohexyl, benzyl, or heteromonocyclic nucleus, has been investigated 
tor correlation of structure with trypanocidal activity. The phenanthridines (II) were readily 
obtained, but for steric reasons the oyclohexyl compound did not give a quaternary salt. The 
furyi compound ([1+) decomposed when treated with methyl sulphate, and the pyridyl phenan- 
thridine (llc) yielded a pyridinium salt when treated with methyl iodide or methyl sulphate 
The benzy!- and 2-thieny!-phenanthridines (Il) were converted into phenanthridinium salts, 
hydrolysis of which gave respectively highly effective trypanocides of type (IIT). The dihydro- 
pyranylphenanthridine (lid) could be quaternised, but an attempt to hydrolyse the urethane 
groups of the salt led to decomposition 

2: chloride (111; R « NI yC,H,, 
A = Cl) and its precursor (111; K «= p-NOyC,H, A = Cl) are valuable trypanocides, the 
former being the most active phenanthridinium compound (7. congolense and T, rhodestense) 
investigated to date. The tnamiao-salt was also obtained by an alternative synthesis 


THE most active trypanocide of the phenanthridine series yet described is dumidium bromide 
(IIL; R « Ph), and it was early suggested (/., 1945, 206) that its activity might be associated in 
part with the 2: 7-arrangement of the amino-groups. The molecule contains a benzidine 
structure and it is well known that derivatives of benzidine are substantive towards vegetable 
fibres, and that a similar substantivity is frequently a property of trypanccidal drugs. It was 
desirable to test this hypothesis further by preparing other compounds of the series, which pre- 
serve the benzidine structure, but differ in the nature of the 9-substituent. The first compound 
of this type (IIL; R «= Me) (J., 1947, 68) to be tested is a much less effective trypanocide than 
dimidium bromide, but this may be the consequence of metabolism rather than of a reduced 
intrinsic trypanocidal activity. Compounds of the “ Sontochin"’ type, which contain a 3- 
methylquinoline nucleus, are valuable antimalarials, but analogous compounds with a quinaldine 
nucleus are inactive and this striking difference is perhaps caused by the presence of the reactive 
a-methyl group, which may act as a focus for metabolic attack (Walker, J., 1947, 1553). In 
the phenanthridine series the 9-methy] group is similarly highly reactive. 

The 9-cyclohexy! compound differs little from dimidium bromide in fundamental structure 
and for this reason its synthesis was attempted. cycloHexanecarboxy! chloride and 2-amino- 
4: 4’-biscarbethoxyaminodiphenyl in pyridine furnished a good yield of the amide (1; RK = 
C,H,,), which was cyclised by phosphoryl chloride to 2: 7-biscarbethoryamino-9-cycloheryl- 
Phenanthridine (IL; R = C,H,,). A quaternary salt could not be obtained from this substance : 
treatment with nitrobenzene—methy!l sulphate at 170° and cooling gave the sulphate of the base, 
but with methyl toluene-p-sulphonate no reaction occurred. Even with carefully purified 
methy! sulphate alone, some sulphate was formed. This experience recalls the similar product 
obtained from 6-acetamido-2-p i yryiq jline by Browning, Cohen, Cooper, and 
Gulbransen (Proc. Roy. Soc., B, 1931, 109, 53), which may very likely have been a sulphate 
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rather than the postulated complex with methyl sulphate. The failure of the cvydohexyl 
compound to yield quaternary salts is explicable by steric hindrance | models reveal that the 
cytlohexy! group offers much more obstruction to accommodation of a methyl group on Nag, 
than does a phenyl group. : : 

With (111; K = CH,Ph) an intermediate type between dimidium bromide and (III; 
Row Me) ia under consideration; the methylene group might likewise be regarded as a point 
of metabolic attack but oxidation of the benzyl compound is less likely to involve the loss of the 
essential quaternary system. However, 7-amino-9-p-aminobenzyi-10-methylphenanthndinium 
bromide is very much less active than the corresponding fP-aminophenyl compound (Part 1}. 
Condensation of 2-amino-4 : and phenylacety! chloride afforded 
2-phenylacetamido-4 4’ (1; Ro CH,Ph) which was smoothly 
cyclised to 2: (11; R= CH,Ph), successive 
quaternisation and hydrolysis converted this compound into the desired salt (III) RK « CH,Ph, 
A » Br), which is highly trypanocidal (Trypanosoma congolense) although less effective than 
dimidium bromide. 

The effect of replacement of the 9-pheny! group of dimidium bromide by heterocyclic nuclei 
was also examined, readily aceeasible nuclei of widely different type being used, namely 2-thieny!, 
&-nitro-2-fary!, 3-pyridy!, and 5: 6-dihydro-3-pyranyl. 2-Acetyithiophen was oxidised by sodium 
hypochlorite to thiophen-2-carboxylic acid and the derived chloride was condensed with 2-amino- 
4: to yiel! 4'-biscarbethoxy- 
amimodiphenyl (la). Cyclisation then furnished 2) 
(Ila), and this was converted by the customary methods into the quaternary salt (111; K «= 2 
thieny!, A « Br), which is a more effective trypanocide (7. congolense) than dimidium bromide. 
The S-nitro-2-fury! nucleus has already been associated with biologically active compounds 
furacin (S-nitro-2-furaldeb > sermnicarbazone) ts an effective antibacterial and as a trypanocide 
(Dedd and Stillman, /. Paarm. Exp. Ther, 1944,82, 11). 5-Nitro-2-furoic acid led, as above, to 
2. phenanthridine (114), but attempts to form quaternary 
salts caused profound decomposition. 


NH, NMe, 


R Pa Mel! 
amit) vi 


Petrow and Wragg (/.. 1947, 1410) have reported that the synthesis of 9-pyndviphenanthrid- 
ines from 2-nicotinamidodiphenyis may result in low yields, even after prolonged heating with 
nitrobenzene phosphory! chionde. In the initial reaction between the amide and phosphory! 
chioride, hydrogen chionde is hherated and thus a proton becomes bound to the pyridine-N. 
JThe inductive effect of this positive pole appears to decrease the electrophilic affinity of the 
amide-C atom and hence retards cyclisation (ring-closure being an electrophilic-substitution 
reaction). However, in accordance with our expertence of o-acylamidodiphenvis with urethane 
substituents, cyclisation of 2-micotimanido-4 4 -biscarbethoryaminod: phenyl (lc) proceeded under 
milder conditions, although the vield of the Psenanthridine (llc) was rather low (25%). Under 
sumilar conditions the methochionde of the foregoing amide was recovered unchanged, in confirm- 
ation af the retarding effect om mng-closure of a postive pole in the acyl group. With methy! 
sulphate in nitrobenzene at 135°, or preferably with methyl! rodide in refluxing dioxan, the pyridy!- 
phenanthridine gave a gum from which, by addition of an excess of aqueous naphthalene- 
S-sulphonic acid, a colourless, sulphonate 10-naphthalene-4-sulphonate was 
obtained. This salt, when treated with aqueous sodium acetate, gave a vellow methonaphthalene- 
S-suiphonaie and it is certain that this was the pyndinium salt (Petrow and Wragg, loc. cit.) and 
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not the ph hrid salt: since attempts at hydrolysis of the urethane groups did not lead to 
crystalline products, the series was not examined further. To complete the investigation with 
9-heterocyclic substituents, 5 ; 6-dihydropyran-3-carboxyl chloride (B.P. 570,974) was condensed 
with 2-amino-4 : 4'-biscarbethoxyaminodipheny! and the resultant amide (Id) cyclised to 2 : 7- 
biscarbethoxryamino-9-(5 6-dikhydro-3-pyranyl) phenanthridine (I1d). Treatment of this compound 
with methy! sulphate, followed by metathesis with dilute hydrochloric acid, yielded a yellow 
methochionide but it was not possible to convert this into the diamino-quaternary salt since acid 
hydrolysis also affected the dihydropyran ring (Schniepp and Geller, J. Amer. Chem. Soc., 1946, 
68, 1646). 

A new approach to the production of more active trypanocides followed from the following 
considerations. 9%-Pheny!-10-methylphenanthridinium chloride itself exhibits slight trypanoci- 
da! activity; with an amino-substituent in the dipheny! portion of the molecule this activity 
becomes significant, and reaches a high level with two such substituents (as in dimidium bromide), 
although one of the two amino-groups may then be located in the 9-pheny! group (/., 1945, 297). 
It was of interest therefore to examine whether a third amino-group would further enhance the 
therapeutic effect. 2-p-Nitrobenzamido-4 4°-biscarbethoxyaminodiphenyl (1; R p-NOyC,H,) 
was cyclised to 2 : (11; RK p-NOyC,H,) 
by phosphoryl chloride. This reacted readily in nitrobenzene with methy! sulphate to give the 
quaternary methosulphate, which afforded a good yield of 2: 7-diamuno-¥-p-nitrophenyi-10- 
methyiphenanthridimium chloride (111; K = p-NOyC,H, A Ci) when hydrolysed with 
sulphuric acid (d 1°66) at 125-130". If the reaction temperature was increased to 150—155° 
some loss of the quaternary group occurred concurrently with hydrolysis of the urethane groups 
Reduction of (IIL; R = p-NOyC,H, A = Cl) with iron powder and water was unsatisfactory, 
and the method was not applicable tu the corresponding witro-diacetamido-salt. During an 
examination of numerous reducing agents, however, it was found that heating this salt in water 
with a 30% excess of ferrous hydroxide (prepared from stoicheiometric quantities of ferrous 
sulphate and barium hydroxide) gave the amino-diacetamido-salt almost quantitatively, and from 
this 2 : chloride (IIL; RK « p-NHyC,H,, 
A « Cl) was readily obtained by dilute hydrochloric acid. Similarly, by reduction with ferrous 
hydroxide (a method better suited to nitro-quaternary salts in general than is iron powder, a 
cleaner product being obtained), the salt (111; R «= p-NOyC,H, A « Cl) was converted 
directly and quantitatively into the friamino-salt (IIT; R= p-NHyC,H, A= Cl), Both 
the nitro-diamino- and triamino-salts are highly trypanocidal, the former being at least equal to 
dimidium bromide in T. congolense infections in mice and dogs, and the latter markedly more 
active and somewhat less (acutely) toxic. The triamino-salt is also highly active in T. rhodesiense 
infections in mice; in this respect it much exceeds any other phenanthridinium compound yet 
investigated, being as active as pentamidine although more toxic. None of the compounds here 
described has a prophylactic action against trypanosomes comparable with that of pentamidine. 
In an alternative route to the triamino-salt, 4: 4'-dinitro-2-p-mitrobenzamidodiphenyl was 
converted into 2 : 7-dinstro-9-p-mitrophenylphenanthnidine which, unlike dinitro-compounds of 
the same type, did not yield quaternary salts, The corresponding triamino-compound, which is 
devoid of trypanocida! activity, was converted into the (riacetyl derivative from which a quater- 
nary methosulphale was obtained in rather poor yield. This salt was hydrolysed by dilute acid 
to the triamino-salt (III; R = p-NHyC,H, A = Ch}. 

By methods similar to those already described, 4 : 4’-biscarbethoxyamino-2-p-amsoamido- 
diphenyl (1; R = ~p-MeO-C,H,) was converted into 2 : 7-b:scarbethoryamino-9-p-methoryphenyl- 
Phenanthridine (11; R = p-MeO-C,H,) and its methosulphate, but the product of hydrolysis of 
the latter, although undoubtedly containing salts of the type (111), could not be obtained crystal- 
line owing, it is believed, to some simultaneous hydrolysis of the methoxy! group. 

Modification of dimidium bromide in a different way was effected as follows. Methylation 
of 2: 7-diamino-9-phenyiphenanthridine (J., 1945, 299) in aqueous methanol by methyl iodide 
in the presence of sodium carbonate furnished the white bisquaternary iodide (IV) in good yield. 
Pyrolysis of this salt at 180° caused loss of one mole of methyl iodide and formation of 2: 7- 
bisdimethylamino-9-phenyl-10-methylphenanthridimium iodide (V). The corresponding bromide 
is a purple salt, bluer in tint than dimidium bromide, possessing the high antibacterial activity 
im vitro characteristic of phenanthridini salts, but both this and (V) are practically inactive 
against trypanosomes. This result suggests that hydrogen-bonding, or some other reaction 
between drug and substrate not possible with a tertiary amine, is associated with the trypanoci- 
dal action of dimidium bromide and its analogues. 
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EXPReRIMENTAL. 
(All the products were dried to constant weight before analysis } 


(26 was to a suspension of 4'-biscarbethoxyaminodipheny! (52 im dry 

Wine (75 mij, and the mixture ted on the steam-bath for 15 minutes and then poured into water 

1). The off which separated soon solidified and. when crystallised from alcohol, formed colourless 
needles (63 g.) of the amuds, m p. 184-—185" (Pound: C, 661; H, 675; 95. C,,H,.O.N, requires 
C, 62, 686: N, 25%) 

2 : (11; R « C,H,,).--The amide (I; R = C,H,,) 
(63 g.) and phesphory! chloride (63 mi.) were heated a: 130" (hath) tor 45 minutes. At the outset there 
was vigorous evolution of hytirogen chloride, and after 15 minutes a yellow solid began to crystallise 
The reaction mixture was stirred with ice and an excess of amumonia tor a time, then boiled for a few 
minutes, and cooled, and the aqueous liquor decanted from the rock-like solid. On being heated with 
alcohol containing a few mi of concentrated ammonia solution, thas solid gave place to colourless prisms 
which, after cooling, were collected and washed with water andalcohol. The product, 2 | 7-hascartethory- 
(55 bad m. p. 233-234", unchanged on recrystailisation from 
aleohol-acetone (Found: C, 60-1, H, 665; N, 056. requires C, 6495; H, 665; N, 
965%). This compound (2 g), dissolved in nitrobenzene (15 mi), was treated with methyl sulphate 
(1-2 mi.) at 170° for 16 minutes. On cooling, a yellow crystalline substance slowly separated, which was 
not the quaternary salt, for it waa hydrolysed by In-sodium acetate to the starting material It crystal- 
lised from methanol! in small yellow needles, m. p. 227-228" (decomp.), and proved to be the Aydrogen 
sulphate of the original base (Found: ©, 56-5; H, 566, N. 78, 5,58 Cy,H.O.N, H,SO, requires 
c 25; H. 5-8; N. 785, S, 60%). The same substance was immediately precipitated on addition of 
sulphunc acid to a hot nitrobenzene solution of the base 

4 (1, = CH,Ph)—Phenylacety! chloride (5-5 g 
was added to a hot suspension of 2-amino-4 | 4’-biscarbetboxyaminodiphenyl (12 g.) in chlorobenzene 
(130 ml), and the mixtere reflaxed gently for 30 minutes. On cooling, the pure amide crystallised as 
colourless needles (15-1 ¢), m. p. 204-205", unchanged by recrystallisation from alcohol (Found 
C, 662; 406; N. O15. requires C, 67-65: 5-9, N, 

2 (11; Ko CH,Ph)— amide (1; R CH,Ph) 
(13-2 ¢ ) and phosphory! chloride (40 ml.) were refluxed for | hour, cooled, and poured into water. After 
cooling, the deep-yeliow solid was collected and disscived in pyridine, and the solution diluted with 
water, the precipitate formed was washed thoroughly with water, followed by methanol The parnan- 
(11-4 baci m. p 255" (decomp raised to 259° (decomp.) by recrystallisation from acetone or 
aqueous pyridine (Found: C, 70-55, H, 545; N.@5. requires C, 70-4; H, 5-7; N, 95%). 

Methy! sulphate (1) ml) was added to a solution of this base (10 g) in nitrobenzene (80 ml) at 170", 
and the temperatur. maintained at 160-—165° for 3 minutes. The vellow solid, which crystallised out 
rapidly on cooling, was collected, washed with benzene, dried, and extracted with boiling water. Addi- 
tion of 2n-hydrochlorie acel to the filtered aqueous solution precipitated the methochAloride (7-2 g.), m 
243° (decomp.), which crystallised from methanol in small bright yellow blades, m. p. 254° (decomp.) 
(Found: N. 835, C1715. requires N. Cl, 7-2%) 

2: 7- Diamine R CH,Ph, A « Br).—The fore- 
going methochloride (7-9 ¢.). concentrated sulphuric acid (28 mi), and water MN mil.) were heated at 150° 
until etlervescence ceased (ca. J) minutes), and then poured into water, and the red solution was care- 
fully neutralised with aqucous ammonia. The gum which separated readily solicified ; it was dissolved 
in water, and the filtered solution treated with potassium bromide to precipitate 2) 7-diamino-9-benzryi- 
bromide (5-8 asa hydrate of indefinite Crystalliaation from methanol 
purple needles, m. 250-252" (Found: N, 10-65; Br, 20:1. C,,H,.N,Br requires N, 10-65; 

ie, 

Thophen 2carbosylic Acid.—2-Acetyithiophen (60 ¢) (prepared according to Hartough and 
Kosak, Amer. Chem. 1947, @, 1012) was covered with 10%, sodium hypochlorite solution (500 
and vigorously stirred on the steam-bath. A vigorous reaction ensued and chloroform was evolved 
Heating was then discontinued and, when the reaction had subsided, more hypochlorite solution was 
added im portions of &) ¢ until chloroform was no longer evolved. After cooling of the mixture a 
slight excess of quid sulphur dioxule was added, and the solution acidified with sulphuric acid and 
extracted with ether, The extract was shaken with sodium hydroxide solution, and the aqueous layer 
separated and aerated auts all traces of ether were removed Acidification with sulphuric acid precipi- 
tated (45--50 ¢ m. p. 124--125° 

4 (la).—-A mixture of 2-amino- 
4: (70-5 ¢}, nitrobenzene 300 ml), and thiophen-2-carboxyl chloride 
(30 g.) was heated in a bath at 150° for 2 hours, and the solution left overnight. The crystalline product 
was collected, washed with nitrobenzene, treated with hot alcohol (300 ml), and heated for a few minutes. 
On cooling, the pure aetids separated as dense colourless prisms (79 g.), m. p. 197--198°, unchanged on 
recrystallisation from “ Cellosolve (Found N,@3, Cyst requires N, 925; S, 7-05%). 

(tia) —The amide (la) (79 g.) and phosphoryl 
chloride (80 ml.) were heated at 130-135" (bath) for 75 minutes, cooled, poured on ice, and neutralised 
with aqueous ammonia. The solid product was dissolved in hot pyridine, diluted with water, and 
cooled, anc small quantities of glacial acetic ackl were added with stirring until the oi] solidified. A 
solution of this material in hot glacial acetic acid (400 ml.) was treated with concentrated hydrochloric 
acl (40 ml.) and, after cooling, the red needles were collected and recrystallised from glacial acetic acid. 
The hydrochiorue thas obtained was dissolved in hot alcohol, and neutralised with the minimum quantity 
of concentrated aqueous ammonia (until the red colour had given place to yellow), and a of the 
product wasintroduced. Almost immediately the phenanthridine separated as pale yellow prisms (35 g ), 


‘ 

= 
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m. p. 227-229° (decomp.), raised to 229-230" (decomp.) on recrystallisation from alcohol-acetone 
(Found ; N,®75; S 7-4 requires N 965; S 735%) 

2 Chloride —To (Ila) (16 in nitro- 
benzene (80 mi) at 120°, methyl sulphate (24 ml.) was added. The mixture was heated to 135° and then 
cooled immediately. The orange plates (18 ¢ ) that separated were washed with benzene and dissolved 
in hot water, and concentrated hydrochloric acid was added to precipitate the muethochloride, which 
crystallised from water containing a few dr of 2nx-bydrochloric acid, in fine orange needles (16 g.), 
239° (decomp.) (Found: N, S, 605; Cl, 74. C,,H,,O,N,CIS requires N. 8-65; 5 66; Cl, 

3%) 

2. bromide (111; R = 2-thienyl, A Br) was 
obtained by hydrolysis of the foregoing methochloride (11-5 ¢.) with aqueous sulphuric acid (d 1-53) at 
135—140°. From a solution of the crude bromide in hot alcoho! a mixture of black needles and a fine 
crystalline precipitate separated with cooling, of which only the former were soluble in cold water. An 
aqueous extract was treated with potassium bromide, and the precipitated material crystallised from 
alcohol in deep-purple prisms and needles of 2. 7-diamino-9-2’-thienyl- 10-methy!phenanthridinium 
bromide (5-6 g.), m. p. 256" {decomp.) (Found: N, 109; S, 83; Br, 205. C,,H,.N,5Br requires 
N, 10-85; S, &3; Br, 20-7%). 

(1b) —This amide was the prodact of con- 
densation of 2-amino-4: 4’-biscarbethoxyaminodipheny! ‘75 ¢.) and 5-nitro-2-furoyl chloride (39 g) 
in dry pyridine (150 m1); it crystallised from glacial acetic acid in yellowish-brown prisms (98 g.), m 
223-225" (Found: C, 57-0; H, 4-45; N. 11-85. requires C, 57-25; H, 4-55; N, 

2. (5-nstro-2 The amide (1d) (95 ¢.) was cyclised 
with phosphoryl chloride. The crude product was dissofved in hot pyridine, water added. and the 
precipitated black solid refluxed with glacial acetic acid (500 ml.) and cooled. The brown residue (18 g.), 
m 75-—277° (decomp ), was crystallised from pyridine, the parnanthridene separating as red prisms 
(15-5 g) containing pyridine of crystallisation (11-69%); at 125° the prisms lost pyridine and became 
yellowish-brown, at 286-288" (decomp.) (Found: C, 596; H, #5; N, 1215. 
requires C, 50-5; H, 43. N, 12-05%) 

4’-biscarbethoryamimodiphenyl (1c). —2 Amino-4: 4'-biscarbethoxyaminodiphenyl 
(27-3 g.} was treated with nicotiny! chloride hydrochloride [prepared from nicotinic acid (10 g.) and thionyl 
chloride) in dry pyridine (100 ml The reaction product gave, on being refluxed in alcohol (1000 ml) 
and cooled, colourless prisms of the amide (27 g.), m. p. 228-—229° (decomp.) unchanged on recrystallisa- 
tion from “ Cellosolve (Found: C, 644; H, 545; N, 124. C,,H,,O.N, requires C, 643, H, 5-35; 
N, 12-5%). The substance (5 ¢.) was heated with alcohol (25 ml.) containing methyl iodide (5 ml.) in a 

ssure bottle at 100° for 40 minutes, and then evaporated to dryness, and the residue extracted with 
water. From the filtered solution fine colourless needles (5-2 g.) of the methiodide, m. p. 159--161° 
(decomp.), of (le) - or on cooling; when recrystallised from aloohol the needles m. p. 162° 
(decomp) (Found: N, 955; [, 21-35. C,,Hg,O,N,I requires N, 9-5; I, 21-55%). 

2 (46 ¢.}, phosphoryl chloride (46 ml), 


and nitrobenzene (46 ml.) were beated at 130° (bath) for 1 hour and then poured on ice, and the nitro- 
benzene distilled with steam. On neutralisation of the aqueous residue with ammonia solution and 
cooling, an amorphous product (41 g.) was obtained, which was digested with hot 0-5n-hydrochloric acid 
(650 ml.) and left overmght. Unchanged amide (10 g¢.) was separated by centrifugation and washed with 
acid, and the aqueous liquors were heated with an excess of naphthalene-8 


acid. On cooling, colourless prisms (25 ¢.) ated, which were washed with aqueous naphthalene-f- 
sulphonic acid. suspended in water, and boiled for a few minutes with a slight excess of aqueous ammonia 
The precipitate was extracted with cold 0-bn-hydrochioric acid (200 ml), and the filtered solution 
neutralised with aqueous ammonia; the product (9 g.) was further purified by chromatography (A1,O,) 
in acetone solution, and crystallised from alcohol. 2: 7-Biscarbethoxyamino-9-3' -pynidylphenanthridine 
was obtained as almost colourless prisms and needies (7-8 g.), m. p. (decomp) (Found : C, 66-8, 
H. 54; N, 120. C,,HO,N, requires C, 66-95; H, 5-1; N, 13-0%) 

2 7-Biscarbethoryamino-9-3' -pyridyiphenanthridine Methonaphthalene-B- sulphonate (10-6 ), 
dioxan (50 ml}, and methy! iodide (1! ml.) were refluxed for | hour and then cooled, and the gum left 
after decantation dissolved in hot water (ce. 250 m1.) containing a few drops of glacial acetic acid. After 
cooling, the filtered solution was reheated, and an excess of naphthalene-f-sulphonic acid added to 
precipitate the 10-naphthaiene-B sulphonate, which crystallised from 
methanol as colourless prisms (9-9 ¢), m. p. 228-229" (decomp.) (Found: N, 645; 5S, 7:55. 
requires N, 6-5, 5, 745%). When this substance was boiled with an excess of 

ueous sodium acetate, the prisms gave place to yellow needles of the 1'-methonaphthalene-§- sulphonate 
which, after cooling, were collected, and recrystallised from alcohol in yellow prisms, m. p. 142° (decomp) 
(Found: N, 5,515. C,.H,,0,N,S requires N, 86; 5S, 

2-(5 : 4’ -biscarbethoxyamunodipheny! (1d).---This was prepared by 
reaction of 2-amino-4: 4’-biscarbethoxyaminodipheny! (24 g.) with 5. 6-dihydropyran-3-carboxyl 
chloride (10-8 g.) in dry pyridine (50 ml). After recrystallisation from alcohol, the amide (21-5 ¢.) had 
m. p. 186—188° (Found C, 63-56; H, 5-55; H,,O,N, requires C, 63-55; H, 5-95, N, 925%) 

2: 7-Biscarbethoryamimno-9- (5 (1ld).—Cyclisation of (Id) with 
sen chioride at 130° yielded a crude mixture from which the product was isolated as a hydro- 

mide and then converted into the free base by aqueous ammonia. Recrystallisation from alcohol -_ 
acetone afiorded a 15% yield of the phenanthridine as colourless prisms, m 215-—216° (Found: C, 
662, H,58; N, C,,H,,O,N, requires C, 66-2; H, 5-75; N, 965%) Pie substance (3-5 ¢.) was 
heated in nitrobenzene with methyl sulphate at 135° for 5 minutes, and then poured into benzene The 
precipitated solid gave, metathesis with dilute hydrochloric acid (ca. 0-1N_), the methochlonde (41 
as yellow needles, m. p. 258° (decomp }, raised to 260° (decomp.) on recrystallisation from water 
(Found N, 90; Cl, 7-45. C,.H,,O,N,CI requires N, 8-65; Ci, 7-3 

2 (11; R p-NO C,H,).—2-Amino-4 4'-bis- 
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carbethony dipheny! (69 g.) and p-aitrobenzoy! chloride (42 g.) were heated in nitrobenzene (280 
mi) at 160° for 30 minutes and then cooled, and the product that ated recrystallised from alcohol. 
(84g), m. p. 202” (Found: C, 60-85; H, 4-75; 11-45. C,,H,,O,N, requires C, 60-95; H, 4-9; 
184%) This substance (80 was cyclised with phosphoryl chloride, the phenanthridine (46 
erystaliising from pyridine in spherical aggregates of fine yellow needles, m. p ca 247° (decomp ) (F ; 
11-75, ON, requires C, 633. H, 465: N, 11-86%). 
10 me anthridimium Chloride (IIL; R = p-NOyC,H,, A = Cl). 
oH) (82 g.) was treated with methyl sulphate (70 ml) in nitrobenzene solution 
(506 mi) in the same manner as the correspondiag thueny! compound The orange solid obtained was 
refluazed with acetone (400 ml.) for a few minutes and then cooled, and the 2. 7-b1scarbethoryamino-9-p- 
sitropheny!. \0-methyiphenanthridinium methyl sulphate (96 ¢ ) (containing a small quantity of sulphate), 
m. p. ca. 238° (decomp), collected. Recrystalluation from methanol yielded pure methosulphate as 
orange needles, m. p. ca. 240—241" (decomp) (Found: €, 541; H.445; N. 96; 535. 
eG #65; N, 035; S, 535%). Hydrolysis of this substance (96 g.) with aqueous 
sulphune acid (d 1-66) at 125—-130"° for 30 minutes, followed by metathesis of the product with sodium 
chioride, gave 7-diamino-9 p-nitrophenyl chionde, which crystallised from 
water in dark purple prisms (51-5 ¢ ), m. p. ca. 235° (decomp } (Pound: C, 63-3; H, 425, N, 1445; Cl, 
925. CQH,,O,N,Cl requires 63-056; H, 445; 147, Cl, 935%) 

2. Chloride —Acetic anhydride (10 mi.) 
was added to a hot suspension of (111; R « p-NOyC,H,: A « Cl) (5 @) im glacial acetic acid (50-ml.), 
and the whole heated for 30 minutes on the steam-bath. The cooled product was collected and recrystal- 
lised from water as fine orange needles of the sitro-diacetamido-salt (4-7 g), m. p. > 300° (Found: N, 
120; C1,7-35. requires N, 12-05; Cl, 7-65%) 

2 Chloride Solutions of ferrous sul- 
phate heptahydrate (33 g) and banum hydroxide octahydrate (36 g.) in hot water were mixed, and the 
tosultant sludge added to a stirred suspension of the foregoing nitro-diacetamido-salt (7-5 g.) in water 
(1500 mi) at O00". After being heated on the steam-hath for 3) minutes, the mixture was filtered 
through a preheated funnel, and the reskdee washed with hot water. The aqueous filtrate was again 
heated to bi 95" and subjected to further interaction with ferrous hydroxide, prepared from ferrous 
suiphate (16-65 ¢.) and barium hydroxide (18 ¢.), for 30 minutes. The hot aqueous filtrate was treated 
with sodium chloride to precipitate the amino-dsacetamido-salt, which ceystalioed from water in small 


yellow needles (6-1 m. p. ea. 280-281" (decomp.) (Found: N, 12-8; C1, 82. requires 
WN, 12-6; Cl, 156%) 

2 Chloride (111; R A = 
The amino-diacetamido-salt (6-06 g.} and 2s-hydrochloric acid (60 ml.) were refluxed for | hour, 
and the red solution was dilated with water (140 ml) and neutralised carefully with aqueous ammonia 
the ——o of red prisms was completed by addition of sodium chloride. Kecrystallisation from water 


(40 ml) containing sodium chiorile (0-5 g.) yielded dark red pyramids of the triamino-salt (4-7 g.). m. p. 
ca. 240° (decomp.) (Found. N, 160; Cl lel. CH NCI requires N, 16-0; Cl, 10-15%) 

(6) Reduction of (111, R « NOCH, A Cl) (30-5 g.) with ferrous hydroxide, prepared from 
ferrous sulphate (224 ¢ ) and barium hydroxide (240 g ), according to the method just described, yrelded 
4 red aqueous solution which was concentrated to ca. 500 ml. Metathesis with sodium chloride gave red 
priams which, on reerystallisation as in (s), yielded dark red pyramids of the same triamino-salt (26-2 g.), 
m. p. 240° (decomp) 

Equimolecular quantities of 4: and p-nitrobenzoyl chloride were 
condensed in boiling nitrobenzene. After evolution of hydrogen chioride had ceased, the solution was 
cooled to allow separation of 2-p-strobensamido-4: 4'-dimstrodipheny! in almost quantitative yield. 
Recrystallisation from aqueous pyridine furnished smal! yellow prisms, m. p. 234" (Found: C, 562, 
H, 29, N, 13-75. C,,HyO,N, requires C, 556-85; H, 205; N, 137%). When this amide was refluxed 
in nitrobenzene-phosphory! chloride for several bours (B.P. 520,273) 2 7-dinitro 9-p-nitrophenyi- 

crystallised almost quantitatively in cream-coloured needles, recrystallisation from nitro 
gave a product, m (Found: C, 566; H, 2-15; N, 1435. C,H requires 
C, 68-45, H, 26, N, 16-35%). The foregoing powdered trinitro-compound (5 g.) was suspended in 
alcohol (125 mi}, cancentrates hydrochloric acid (26 ml.) and crystalline stannous chloride (W ¢.) were 
added, and the mixture was refluxed for 2houra. After cooling, the dark red solid was collected, dissolved 
in bot water, separated from unchanged trinitro-compound (1-1 ¢_), and then stirred into excess of sodium 
hydroxkle solution 2. was thus precipitated as a vellow 
solid, which crystallised from alcohol in yellow = m. p. 246° (Found: C, 760, H, 545; N, 1835 
C,H, N, requires C, 760; H, 535, N, 18-65%). This base was extremely soluble in dilute acid. 
aflording intense carmine solutions It was acetylated by acetic anhydride acetic acid; on dilution of 
the solation thus obtained with water an orange gel formed, which was converted into a flocculent 

ecipitate by the addition of aqueous ammonia. Crystallisation of this product from alcohol afforded 

diacetamido-9-p in cream-coloured wool-like needles, m. p. 312° 
(Found: C609 fi 6-65, N, 13-25. yO,N, requires C, 70-4; H, 5-2; N. 13-15%). A suspension 
of this compound (5 g ) in nitrobenzene (150 ml) at 180° was treated with methy! sulphate (5¢) The 

um that separated was isolated by decantation and refluxed with alcohol (200 ml) 

sulphate thus left undissolved crystallised 
from methanol in orange plates (2 ¢)}, m. p. 248" (decomp) (Found: C, 63-95; H, 5-35; N, 11-05 
(Cogt requires 63-8; H, 615, 11-45% Hydrolysis of this salt could be affected 
by refluxing it with n-hydrochloric acid until a clear solution was obtained (several days); more con- 
veniently and with less serious bumping the salt (0-4 g.) was heated in suspension in 10% methanolic 
hydrochloric acid (15 ml) until all had dissolved (cs. 6 hours), the solution being then evaporated to 
emall bulk. When the residue was neutralised with aqueous ammonia the triamino-salt separated and 
was purified as in (#) Pound: N, 15-6, Cl t0-1%). 


i 
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of 2-amino-4 4’-biscarbethoxyaminodipheny! and chioride in boiling chlorobenzene furnished 
benzene in colourless plates of indefinite m. p. (Found $05. CyH,,O,N, requires N, 
9%). Cyclisation with phosphory! chloride converted it im a high yieid mto the which 
from alcohol in white mucroscopx needles, m 190—-192" (effervescence) (Found 905 

requires N, 915%) Its quaternary m. p. 230°, crystallised water 
yellow needles (Found N, 7-15: S, 545. C, 7-2; 345%) 

Phen yiphenanthridime-2 7 Todude | —2 iphenanthr- 
dine (16 ¢.) aml sodium carbonate (14 g.. anhydrous) were ened with methanol (100 ml), water 
(24 mi), and methy! iodide (30 mi.) for S hours. Two iayers at first appeared, but eventually mixed to a 
deep- purple solution from which crystals slowly separated. The crystals were collected, washed with a 
little methanol and then with water, and recrystallised from either of these solvents in white needles 
(l4¢.) This salt became vellow at 160°, and with further heating melting at 255° (decomp) 
(Found : N, 605: 1, 40-75. requires N. 6-7, 1, 40-65% 

7-Bisdimethylamino- phenyl- vi phenanthridsmium lodede The foregoing bisquaternary 
salt (2-5 g.) was heated in a bath at 180 ra volution of methyl iodide was observed and after 30 minutes 
the soe = black mass was extracted with boiling benzene. The residue crystallised from methanol in 
black needles (1-5 g.) (reddish-purple by transmitted light), 260-~262° (\decomp.) (Found: N_ #8; 
1, 26-1. Cy,H,N,I requires N,&7; 1, 263%). The benzene extract contained a small amount of basic 
substance, which was not further investigated. 


We thank Dr. A. G. Caldwell for the preparation of the benzyl compounds, Mr. L. G. Goodwin and his 
colleagues of the Wellcome Laboratories of Troptcal Medicine for the ( trypanocidal data, and Mr. A 
Bennett for the micro-analyses. 
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12. Catalysed Hydrogen Peroxide Oxidation of Aromatic 
Hydrocarbons. Part 1. 


By J. W. Coox and (Miss) R. Scuomnrat. 

A study has been made of the prodacts formed by oxidation of a series of aromatic hyidro- 
carbons (benzene, naphthalene, phenanthrene, anthracene, | ; 2-benzanthracene, |: 2-5 6-di- 
benzanthracene, chrysene, pyrene, and 3: 4-benzpyrene) with Milas's reagent (hydrogen peroxide 
in tert.-butanol, catalysed by osmium tetroxide). The reagent was diluted with acetond to 
promote solubility of the polycyclic hydrocarbons, which are sparingly soluble in fert.-butanol ; 
the presence of acetone appeared to have no significant influence on the course of the reaction. 
The products tsolated included a ¢15-diol (in the case of phenanthrene and | ; 2-benzanthracene), 
quinones, and acids formed by ring-fission. 

1: 2-Henzanthracene and | : 2-5: 6-dibenzanthracene gave not only the 8 10-quinones 
but also the 3; 4-quinones (XII and XIV) and in spite of the relatively low yields the method 
furnishes a convenient method of preparation of these orfho-quinones Henzene gave, together 
with other products, aljomucic acid, an interesting example of a simple and direct route from an 
aromatic bydrocarbon to a sugar acid. 

The mechanism of these transformations is discussed, and attention is drawn to their bearing 
on the mode of biochemical oxidation of the hydrocarbons, for which an exact parallel by 
purely chemical methods has yet to be found 


Tue authors have shown (Cook and Schoental, J., 1948, 170; Nature, 1948, 161, 237) that 
oxidation of polycyclic aromatic hydrocarbons with Criegee’s osmium tetroxide reagent (osmium 
tetroxide in benzene- pyridine, followed by hydrolysis of the resulting osmic ester) leads to smooth 
perhydroxylation with formation of homogencous a-glycols. From the work of Cregee (Annalen, 
1936, 522, 75; 1942, 550, 99) these were clearly cis-a-glycols. In nearly every case the positions 
attacked were different from those at which oxidation is effected by other reagents. The 
products of osmium tetroxide oxidation were similar in type to some of the compounds which 
have been isolated from the excreta of animals to which the hydrocarbons were administered 
(Boyland and Levi, Biochem. ]., 1935, 29, 2679; Boyland and Shoppee, /., 1047, 801; Boyland 
and Wolf, Biochem, J., 1948, 42, xxxu; Booth and Boyland, sbid., 1947, 41, xxix; 1049, 4, 
361). Such metabolic glycols are probably intermediates in the formation of the phenols which 
have been isolated in other cases (see, ¢.g., Weigert and Mottram, Cancer Res., 1946, 6, 100, 
Berenblum and Schoental, shid., p. 699; Biochem. J., 1949, 44, 604). There are, however, 
important differences between the osmium tetroxide oxidations and the biochemical oxidations 
Usually the positions in the molecules at which oxidation occurs are different in the two cases 
Moreover, evidence is accumulating that the metabolic diols which have been isolated arc 
érans-a-glycols. The experiments now recorded were initiated in an endeavour to find a reagent 
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which would provide a closer paraliel to the biochemical perhydroxylations of aromatic 
hydrocarbons. 

As long ago as 1912, Dakin ( Oxidations and Reductions in the Anima] Body,”’ New York) 
pointed out that hydrogen peroxide, alone of all the known chemical oxidising agents, could 
bring about the same types of oxidation of a variety of compounds as do enzyme systems, and the 
widespread occurrence of catalase and peroxidases is a pointer to the importance of hydrogen 
peroxide in some types of biochemical oxidation, The oxidation of aromatic hydrocarbons by 
hydrogen peroxide was first reported by Leeds (Ber., 18581, 14, 975, 1382), who obtained phenol 
and oxalic acid from benzene, $-naphthol from naphthalene, and anthraquinone from anthracene. 
In recent years knowledge of the variety of conditions under which oxidations by hyzlrogen 
peroxide, and by peroxides and per-acids, can be effected has been widely extended (see, ¢.g., 
Waters, dun. Reports, 1945, 42. 145) and the reaction mechanisms have been extensively 
studied. It was decided, therefore, to reexamine the oxidation of these hydrocarbons by 
hydrogen peroxide under varying conditions, and also to examine some more complex 
polycyclic hydrocarbons which are of interest on account of their carcinogenic activity. The 
present communication deals mainly with oxidations by hydrogen peroxide in fert.-butanol 
in presence of osmium tetroxide as catalyst. For comparison, some preliminary attention has 
also been devoted to oxsdation by hydrogen peroxide alone, and by hydrogen peroxide catalysed 
by light, by chloride ions, and by haematin. 

The osmium tetroxide reagent was introduced by Milas and Sussman (/. Amer. Chem. Soc., 
1936, 586, 1302), who showed that olefins are not attacked by a solution of anhydrous hydrogen 
peroxide in fert.-batanol at room temperature until osmium tetroxide is added, whereupon they 
become oxidised to a-glycols. This reagent was found unsatisfactory in many of the cases 
which we studied on account of the low solubslity of the polycyclic hydrocarbons im fert.-butanol. 
Acetone was therefore used as a solvent in conjunction with the Milas reagent. Treibs (Ber., 
1939, 72, 7) had successfully used acetone as a solvent in catalysed hydrogen peroxide oxidations, 
but onder the conditions which he used he did not apparently observe the formation of the 
eychc peroxide of acetone (Wolflenstein, Ber., 1895, 28, 2265) which we regularly encountered. 
This appeared to have no significant influence on the course of the reaction. Parallel experiments 
on the oxidation of benzene by the Milas reagent led to the tolation of the same products, both 
in presence and in absence of acetone 

Kesucts. 

Bensene.—The hydroxylation of benzene by hydrogen peroxide in fert.-butanol catalysed by 
osmium tetroxide has already been reported by Milas and Sussman (J. Amer. Chem Soc., 1937, 
59. 2345) who obtained phenol in 23%, yield. A somewhat higher yield (30°) of phenol was 
obtained by Milas (s6id., p. 2342) when vanadium pentoxide was used as the catalyst. We also 
observed the formation of phenol when benzene was treated with the osmium tetroxide catalysed 
reagent, but if the experiment was continued for several months with excess of hydrogen 
peroxide a deposit separated, and this was identified as allomucic acid; from the mother-liquors 
there were isolated also mesotartaric and oxalic acids. The transformation of benzene into a 
sugar acid is noteworthy, It ts uncertain whether phenol is an intermediate or whether benzene 
becomes fully hydroxylated to a hexahydroxycycehexane (I or IT) which then undergoes ring- 
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fission. This is a point which we are examining. Boeseken and Engelberts (Proc. Akad, 
Wetensch. Amsterdam, 1931, 34, 1292, 1932, 85, 750; compare Boeseken and Metz, Rec. Trav. 
chim., 1935, 54, 345) have shown that oxidation of phenol by peracetic acid gives, with other 
products, a 35%, yield of ets-cis-muconic acid (IIT eis-Hvydroxylation of the double bonds of 
this acid should give a mixture of aomucic (V) and mannosaccharic (V1) acids [compare Behrend 
and Hever, 4nnalen, 1019, 418, 204, who obtained idosaccharic (VII) and mucic (VIII) acids by 
oxidation of trans-frans-muconic acid (IV) with sodium chlorate in presence of osmium tetroxide’. 
If a hexahvdroxyeyciohexane ts formed in our conversion of benzene into allomucic acid then this 
probably has the completely cis-configuration (I). The alternative configuration (I1) which 
could arixe from cis-addition in pairs of hydroxyl groups to the benzenoid double bonds (see 
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later) could give, on ring-fission, not only alemucic acid (V) but also mucic (VIII), 0t-manno- 
saccharic (V1 and enantiomorph), and pi-talomucic (IX and enantiomorph) acids, and there 
was no indication of the formation of such a complex mixture of hexahydroxyadipic acids. 
HOCH HOCH 
HO-C-H oH ; HOH 
OH 
(Vj (Vl) (VIL) an) 

This degradation of benzene by oxidation with the Milas reagent is of interest in connection 
with the metabolic conversion of benzene into frans-trans-muconic acid (IV), which is possibly 
an artefact formed by isomerisation of the cis-c1s-acid (111) which should be the prumary product 
of ring fission (jafié, Z. physiol. Chem., 1909, 62, 58; Drummond and Finar, Biochem. /., 
1938, 82,79; Bernhard and Greesiey, Helv. Chim. Acta, 1941, 24, 83). Such isomerisation is 
known to be readily effected (Grundmann and Trischmann, Ber,, 1936, 69, 1755) 

Naphthalene, Phenanthrene, Chrysene, Anthracene, and Pyrene.-The products formed from 
these hydrocarbons by oxidation with the Milas reagent call for little comment. In the case of 
naphthalene the only product isolated was phthalic acid, also obtained by Charrier and Moggi 
(Gazzetta, 1927, 57, 736) by oxidation with hydrogen peroxide in an acid medium. Less extensive 
degradation occurs when naphthalene, a- or §-naphthol, or $-naphthaquinone is oxidised with 
peracetic -acid, o-carboxyallocinnamic acid being formed in each case (Boeseken and Slooff, 
Rec. Trav. chim., 1930, 48, 100; Bodeseken and von Kénigsfeldt, sbid., 1935, 54, 313). 

Phenanthrene gave cis-9: 10-dihydroxy-9 10-dihydrophenanthrene, phenanthraquinone, 
and diphenic acid. Charrier and Moggi (loc. cif.) had obtained diphenic acid by oxidising 
phenanthrene with hydrogen peroxide in boiling acetic acid, a result which we confirmed. 
Chrysene was oxidised to 1: 2-chrysaquinone, and anthracene to 9: 10-anthraquinone, which 
are the normal products of oxidation with chromic acid. Pyrene (X) was rapidly attacked and 
after about a week the products were separated into a mixture of quinones which appeared to be 
the 3: &- and 3: 10-quinones which are the normal oxidation products. When the action of the 
Milas reagent was prolonged for a year the product was naphthalene-1 4° 5: 8-tetracarboxylic 
acid, characterised as its methyl ester. There was no evidence of attack at the | : 2-positions 
of pyrene, which are the positions exclusively attacked when pyrene ts treated with osmium 
tetroxide in benzene--pyridine (Cook and Schoental, loc. cit.). 


oO 
(XI) (XI) (XI 


1: 2-Benzanthracene and 1: 2-5 : a few days 2-benzanthracene 
gave the 3: 4-quinone (XII) (isolated in 15%, yield) and the 9: 10-quinone (XI) (isolated in 
20°, vield). The o-quinone (X11), which is conveniently prepared in this way, is evidently 
formed through the intermediary of cis-3: 4-dihydroxy-3 : 4-dihydro-l : 2-benzanthracene 
(Cook and Schoental, loc. cit.}, a small amount of which was isolated by chromatography. When 
1: 2-benzanthracene was heated on the water-bath with the reagent acidic products were formed 
more rapidly than in the cold. Phthalic acid and 2-phenyinaphthalene-3 : 2’-dicarboxylic acid 
(XITI) were isolated, and there was also evidence of the formation of keto-acids. . 


(XIV) ~ ew (XVI) 


With 1: 2-5: 6-dibenzanthracene the reaction took a similar course, On account of the 


low solubility of the hydrocarbon a more dilute solution was used, and the reaction was very 
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sluggish at room temperature. Wher the reactants were heated on the water-bath the dark 
red 1: 2-5: 6-dibenzanthra-3 : 4-quinone (XIV) separated after a few days and was isolated in 
35% yield. From the liquors the 9 10-quinone was also isolated and, in addition, 2-phenyl- 
phenanthrene-3 © 2’<dicarboxylic acid (XV), which was also obtained directly from the o-quinene 
(XIV) by oxidation with alkaline hydrogen peroxide 

3: 4-Benepyrene (XV1).--This was readily oxidised and the solution became deep-red. A 
mixture of quinones was then separated from other products of oxidation by chromatography 
onalumina. These quinones did not account wholly for the intensity of colour (noted also in the 
case of some of the other hydrocarbons). Possibly the high colour intensity was due to formation 
of hydroxylated quinones. Warren (Biochem. J, 1943, 37, 338), who studied the atmospheric 
oxidation of aqueous acetone solutions of 3° 4-benzypyrene in presence of ascorbic acid, also 
observed the formation of deeply coloured products in addition to known quinones. 

Chromatography of the quinone fraction from benzpyrene resulted in only partial separation 
and the individual constituents were not isolated. Evidence was obtained, however, of the 
presence of the known 5: § and 5° 10-quinones (Volimann ef aj, Annalen, 1937, 531, 1) and ofa 
new o-quinone. The latter is probably 3° 4-benzpyrene-6 : T-quinone, which was prepared for 
comparative purposes by oxidation of the dihydroxydihydro-3 > 4-benzpyrene of Cook and 
Schoental (Joc. cit.), and characterised by formation of a quimovalime by reaction with o-phenyl- 
enediamine, The diol is beliewed to be the 6° 7-diol, although the alternative | : 2-structure is 
not excluded (see numbering on formula XVI} 

Oxidation of 1 > 2-Bensanthvacene with Hydrogen Peroxide im Absence of Osmium Tetroxide.— 
These experiments were carried out for comparison with the action of the Milas reagent. A 
solution of the hydrocarbon in acetone and fert.-butanol containing hydrogen peroxide remained 
unchanged for several weeks when kept in the dark. If methylamine hydrochloride was also 
present (used as a source of chloride toms) then oxidation took place and after two months a 
considerable proportion of the hydrocarbon had been oxidised to | : 2-benzanthra-? | 10-quinone 
(XD) and phthalic acid. There was no evidence of the formation of the 3: 4-quinone (XII). A 
similar result was obtained when haematin was used in place of methylamine hydrochloride. 


Discesston. 


The results of this investigation are mainly of interest on account of the additional evidence 
which they furnish as to the mechanism of oxidation by the Milas reagent, and they also perhaps 
provide one further span towards bridging the gap between biochemical and purely chemical 
oxidation of the aromatic hydrocarbons. Our earlier results with Criegee's osmium tetroxide 
reagent showed that it is possible to bring about selective chemical attack at positions in the 
molecules of polycyclic aromatic hydrocarbons which are not normally the most reactive. They 
also showed how it is possible to sumulate the  perhydroxylation reactions which are a char- 
acteristic feature of several of the biochemical oxidations. The positions attacked by osmium 
tetroxide are not those at which biochemical hydroxylation takes place, but in this connection 
it has been postulated that combination between the hydrocarbon and the oxidising enzyme may 
immotilise some of the more reactive centres in the hydrocarbon molecule.* 

The diols and the related phenols which have been isolated in metabolic expermments represent 
only a small proportion of the hydrocarbon administered, and it ts clear that most of the material 
undergoes more extensive degradation, Except in the case of benzene (see above) the products 
of this degradation have not been wentifed. Using 1° 2-5. &-dibenzanthracene containing 
wotopre carbon, Heidelberger and his collaborators (Cancer, 1948, 1, 252, 261) have shown that 
acids are formed by mng-fission of the hvdrocarbon and also that some of the material is com- 
pletely oxidised to carbon dioxide. Metabolic studies by one of us (Ro 5S.) with chrysene, 
2-benzanthrazene, 1: 2-5: 6-dibenzanthracene, and 3: 4-benzpyrene have likewise indicated 
that in all these cases aculic degradatoon products of the hydrocarbons are present in the excreta 
of the animals, To this extent oxidation by the Milas reagent imitates the metabolic oxidation, 
for prolonged treatment with the reagent always led to extensive conversion of the hvdrocarbons 
into acidic degradation products, only some of which have been identified. 

There remains the question as to how far the chemical perhydroxylations really follow the 

* Rerendblam and Schoental (Cancer Res, 1943, 3. 686) pointed out that in the cases of 1. 2-benz- 
anthracene and | 2-5 tchibenzanthracene the positions ef the molecules where oxnlation 
oceurs are those at which sulphonaton takes place m the corresponding guincnes, This has been muis- 
wterpreted by Netsh (Miochem. J . 1048, @3. 534) who states, incorrectly, that Berenblum and Schoental 
observed that benzanthracene and dibenzanthracene are metabohcally attacked at pomts where 
sulphonation of these Aydrocarboms occars 


; 
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pattern of the corresponding biochemical processes. Osmium tetroxide oxidation of olefins 
and of phenanthrene has been shown by Criegee (loc. ci.) to give ess-chiols through the inter- 
mediary of cyclic osmic esters. It is quite conceivable that metallic catalysts could function in 
a similar way in tnochemical “ pethydroxylation.” But if it can be shown that one method of 
oxidation consistently gives cis-diols and the other trans-liols, then it is a reasonable inference 
that the reaction mechanisms are different. It is for this reason that great umportance attaches 
to the determination of the configurations of the metabolic diols, and as already stated, evidence 
is accumulating that these are frans-iwsomers, An alternative possibility is that biochemical 
perhydroxylation is effected by free hydroxyl radicals, and there is much current opinion in 
favour of the view that free radicals play an important role in biological oxidations (see Waters, 
Chemistry of Free Radicals,"’ Oxford, 1946, 259; LuValle and Goddard, Quart, Rewsew Bioi.. 
1948, 23, 197). 

Milas (J. Amer. Chem. Soc., 1937, 59, 2342) was inclined to regard oxidation by osmium 
tetroxide-catalysed hydrogen peroxide as involving attack by free hydroxyl radicals, formed by 
the action of perosmuc acid on hydrogen peroxide, as in its dissociation by light (compare Spring, 
Amn. Reports, 1943, 40, 108). That free hydroxy! radicals can oxidise benzene to phenol was 
shown by Stein and Weiss (Nature, 1948, 161, 650; cf. Loebl, Stein, and Weiss, /., 1949, 2074), 
who found phenol among the products of the action of X-rays on water and benzene, To this 
extent the Milas reagent produces the same result as free hydroxy! radials. Moreover, Milas, 
Kurz, and Anslow (/. Amer. Chem. Soc., 1937, 58, 543) observed the oxidation of maleic acid to 
mesotartaric acid by hydrogen peroxide in presence of light and attributed this to addition of 
free hydroxyl radicals, This ¢is-addition rather than the trans-addition which might have been 
expected by such a mechanism excited no comment. Recently, Merz and Waters (/., 1949, 
S 15) have shown that free hydroxy! radicals, produced by the action of ferrous salts on aqueous 
hydrogen peroxide, do not add to the double bond of maleic and fumaric acids. Hence the 
photochemical oxidation of maleic acid is not to be ascribed to the action of free hydroxy! 
radicals. 

The same type of argument may be adduced to show that the perhydroxylation of double 
bonds by hydrogen peroxide in presence of osmium tetroxide is not due to the action of free 
hydroxyl radicals. It is true that in the Milas reagent part of the hydrogen peroxide is present 
as tert.-butyl hydroperoxide (compare Milas and Surgenor, Amer. Chem. Soc., 1946, 68, 205, 
Criegee and Dietrich, Annalen, 1948, 560, 135), and that an alkyl hydroperoxide has been shown 
to break down to give free radicals (Robertson and Waters, Trans. Faraday Soc., 1946, 42, 201; 
J... 1948, 1578). But the Milas reagent does not normally bring about the extensive degradations 
which Merz and Waters (loc. eit.) observed with free hydroxy! radicals; it does effect 
perhydroxylation of the double bonds in compounds of the maleic acid type, and moreover the 
method leads to cts-addition to the double bond (Milas and Sussman, J. Amer, Chem. Soc., 1937, 
59, 2345; Milas, Sussman, and Mason, :bid., 1939, 61, 1844). It is clear, in fact, that the 
oxidation involves the intermediate formation of cyclic osmic esters, as in the Cregee method 
in which such esters are isolated 

Our own results with polycyclic hydrocarbons show that in part oxidation at a“ potential” 
double bond takes place by the same mechanism. The isolation of c1s-2-diols from phenanthrene 
and |: 2-benzanthracene, with no evidence of the presence of stercoisomeric trans-diols, points 
clearly to the intermediate formation of cyclic osmic esters. These diols undoubtedly represent 
the first stage also in the reactions which lead to 1: 2-benzanthra-3 : 4-quinone (XII) and the 
acid (XII1) from 1: 2-benzanthracene and the allied compounds (XIV) and (XV) from 
1: 2-5: 6-dibenzanthracene. Moreover, the quite appreciable amounts of these products 
wolated indicate that the reactions by this route represent a considerable proportion of the 
whole. However, quite a different mechanism must operate in the oxidation of anthracene, 
1 . 2-benzanthracene, and 1: 2-5: 6-dibenzanthracene to the 9: 10-quinones (¢.g., X1), ana in 
the oxidation of pyrene and 3 : 4-benzpyrene to their heteronuclear quinones, These oxidations 
may be due to the action of free hydroxyl radicals formed by dissociation of hydrogen peroxide, 
but there is no evidence bearing on this point, and judgment must be reserved. We are extending 
this work to study the effect on polycyclic hydrocarbons of free hydroxy! radicals and also of 
hydrogen peroxide in the presence of other catalysts. In this connection, it may be noted that 
Sequin (Compt. rend., 1943, 216, 667) obtained only the (rans-a-glycol by oxidising cyclohexene 
with hydrogen peroxide in acetone, in presence of selenium dioxide, A similar result was 
reported by Treibs (Angew. Chem., 1939, $2, 698) with pervanadic acid as catalyst, 
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EXPERIMENTAL. 

General. —A solution of the hydrocarbon (0-001 g -mol.) in acetone was treated with a stock solution 
of hydrogen peroxiie (2—10 cc}, prepared by diluting 90% hydrogen peroxide to 20-—40% with 
tert.-watanol, and with a |--2% solation of osmium tetroxide in fert.-butanol, so that the final concen- 
tration of the tetroxide varied between 001% and 05% The solution was kept in a stoppered flask 
at room temperature in diffused light. Addition of the fert butanol solutions usually resulted in partial 
separation of the crystalline hydrocarbons, but the crystals redissolved in the course of the reaction 
The colourless solations slowly developed yellow or red colours of increasing intensity. There was 
useally an induction period when highly purified material was used. After the hydrogen peroxide 
initially added had been consumed the osmium tetroxide became reduced so that the solution became 
almost black. This colour was discharged by addition of more hydrogen peroxide solution. The 
rapelity with which this darkening of colour occurred furnished an index of the rate of oxidation of the 
hydrocarbons except in the cases of pyrene and 3 4-benzpyrene when very dark oxidation products 
were formed and the dark colour then persisted for some months. In view of the complex mixtures of 
oxiation products formed and the difheulty of weolating individual constituents a quantitative 
study was not attempted. Yields are recorded only when reaction products actually crystallised from 
solution 

For isolation of the ucts, any solid which had separated was collected, and the filtrate 
concentrated under reduced pressure at 40-40". By this means solvents, osmium tetroxide, and volatile 

oducts were removed. Colourless crystals which collected’ in the still-head and condenser were 
ilentified as the trimeric cyclic peroxide of acetone, m. p. 94-95" (Wolffenstein, loc. cit}. Attempts to 
isolate the products without this preliminary concentration resulted in formation of dark colloidal 
suspensions of lower oxides of owmiam, and as far as could be judged the distillation process did not 
bring about any alteration in the oxidation products 

The residue after distillation was 2 yellow or browntmh viscous oi], which was treated with dilute 
sodium hydrogen carbonate solution and extracted with benzene. Dark resinous material remained 
insoluble in both phases, but dissolved when sodium hydroxide solution was added, after removal of the 
extium hydrogen carbonate layer Acidification of the dark sodium hydroxide extracts gave brownish 
material which did not crystallise and gave no crystalline derivatives by reductive methylation or 
acetylation 

The benzene extracts were submitted to chromatography on alumina and were thus separated into 
unchanged hydrocarbon, diol (in two cases), and quinones. [n all cases highly coloured zones of strongly 
adsorbed material were visible on the upper _ of the column, but pure products could not be obtained 
after these were eluted with acidified alcohol. 

The sodium hydrogen carbonate extract was acidified, and the resulting acids separated by fractional 
crystallisation from various solvents or by vacuum distillation of their methyl esters, formed by 
treatment with ethereal diazomethane 

Henzene.—T wo parallel experiments were made. In one, the reaction was carried out in acetone 
solution, as in the other cases recorded in this paper In the other, feri.-butanol alone was used as 
solvent. Oxidation took place more rapidly in acetone solution, but in both cases the same products 
were isolated. The reaction mixtures, prepared in each case by using 10 cc. of benzene, became yellow 
in a few days and phenol was detected by its smell, by the preparation of tribromophenol, mp 93°, from 
a sample of distillate, and by the blue colour given with 2 : 6-dichloroquinonechloroimide in neutral or 
alkaline solution (Porteous and Williams, Biochem. |, 1949, 44, 56) 

The coloer of the solution of reactants deepened on storage, but after some months, during which 
several additions of hydrogen peroxide solution were made, the colour became pale yellow and a white 
precipitate was formed pis (35 mg.) was recrystallised from hot water and formed a microcrystalline 
powder which decomposed at 197 Analysis showed the compound to be a tetrahydroxvadipic acid 
(Pound: 340; H, 50. Cale. for 343; 48%). Its ethyl ester, prepared by heating 
it under reflux with ethanol contaming a ew drops of concentrated hydrochlone acid, had m. p. ca. 150 
These data are in approximate agreement with those given for allomucic ack! by Posternak (Helv. Chum 
Acta, 1035, 18, (acid, m. p. 197-198"; ethyl ester. m. p 153---154°) and by Lapsley, Robertson, 
and Patterson (/., 1940, 862) (acid, m. p. 190—200°, ethyl ester, m. p. 155"). Through the kindness 
of Mr. J. Robertson, who generously gave us a sample of U-tetra-acetylaiiomucic acid prepared by the 
method described by himself and his collaborators, we have been able to establish that our oxidation 
product is in fact allemucic acid. The methyl ester of our acid had m. p. 170° and gave an O-tetra-acety! 
derivative, m. p. 204-206". The m p.s of the acid and its three derivatives were not depressed by 
mixing with the ackd (prepared by acid hydrolysis of the authentic O-tetra-acetylailemucic acid) and its 
corresponding derivatives. On the other hand, a mixture of the methyl ester of the tetra-acetate of our 
acid and O-tetra-acetyimucate, mp. 196-197" (Simon and Guillaumin, Compt. rend., 1924, 179, 
1324), melted at 180-106 Pure methyl allomucate formed transparent prisms (from methanol), m. p 
175° after softening (Found C, 40-6, H, 59 C,H,,O, requires C, 40-3. H, 5-9%). Methyl O-tetra- 
acetylailomucate, prepared from methyl aliomucate by acetylation with acetw anhydride, formed 
transparent prisma, m. p. 206-206" (Found: 473; H, 56. C,,H.,O,, requires C, 47-3; H, 
55%). 

In another experiment, a mixture of benzene (10 cc.) and acetone (10 cc.) was treated with 2% 
osmium tetroxxde (2 cc) and 40% hydrogen peroxide (60 cc), both in tert -butanol After nine months 
the filtered solution was concentrated under reduced pressure at 40-—S A solution in water of the 
tesidual oil was partly neutralised with sodram carbonate and the solution beated under refiux for 24 
hours with p-bromophenacy! bromide (0-5 g) in ethanol (l0cc.). After concentration and cooling the 
resulting p-bromophenacyl ester was recrystallised from ethanol and formed glistening leaflets, m. p 
198 2o0) This was shown to be p-bromophenacy/ mesofartraiz, a sample of which was prepared from 
authentic mesotartaric acid and had m p 198.200", alone or mixed with the above product (Found 
requires C, 44-1, 3.0%, 
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In yet another experiment the filtrate from the crude a/lemucic ack was concentrated under reduced 
pressure, the residue dissolved in water and almost neutralised with sodium hydroxule, and the boiling 
solution then treated with saturated calcium acetate solution. Without cooling, the white precipitate 
was collected, washed, and dried. It was shown by titration with warm acid permanganate solution to 
consist of calcium oxalate. The filtrate was concentrated and gave large crystals which were redissolved 
in hot water, the solution was acidified and then extracted with ether. After removal of the ether the 
residue was treated with ethereal diazomethane and gave colourless prisms, m_ p. 11)-—112°, shown by 
mixed m. p. to consist of methyl mesotartrate 

In yet another experiment. the crude mixture of acids, freed from volatile substances, was esterified 
with diazomethane and the esters were distilled. The fraction, b. p. 110° © 3 mm., gave again methyl 
mesotartrate. The higher-boiling esters could not be separated, much of the material underwent 
decomposition during distillation. Although the hydroxy! groups of mesetartaric acid were not affected 
by diazomethane it may be noted that Schmidt and Zeiser (Ber, 1934, 67, 2120) fownd that tartaric and 
other hvdroxy-acids undergo etherification as well as esterification with diazomethane 

Naphthalene —A solution of the hydrocarbon (5 g ) in acetone (25 cc) with 1%, oamium tetroxide in 
tert.-batanol (2-5 cc.) and hydrogen peroxide solution (15 cc.) immediately became yellow and oxidation 

oceeded rapidly, further quantities of hydrogen peroxide solution were added as required. After 
& days the solution was worked up in the usual way. The aculic fraction was mainly soluble in water 
It was extracted with ether, recovered from the extract, and recrystallised several times from ethyl 
acetate and aqueous methanol. The resulting acid had m. p. ca 200°, and on sublimation gave long 
needles, m. p. 137°, shown by mixed m. p. to be phthalic anhydride 

When the solution of the reactants was worked up after shorter periods there were shown to be 
amg phenolic material and also coloured neutral products, probably naphthaquinones (compare 

jlas, U.S. P., 2,396,638) 

Phenanthrene.—-The hydrocarbon (3 g.) in acetone (15 cc.) was treated with the Milas reagent (2 ¢.c 
of osmium tetroxide solution and 10 ¢.c. of hydrogen peroxide solution) at room temperature. Further 
additions of hydrogen peroxide solution were made from time to time, about 60 c.c. of a 20% solution 
being used in all. After 26 days the red solution was concentrated tm cacwo and then deposited crystals 
(55 mg.), m. p. 204—206°, which were shown to consist of phenanthraquinone. The filtrate was worked 
up in the usual way, and on passing the benzene solution through a column of alumina there were obtained 
from the first benzene filtrate some unchanged phenanthrene and then a fraction which gave fine colourless 
needles (from light petroleum) of ers-#: 10-dihydroxy-9 10-dihydrophenanthrene (25 m. p. 178° 
alone or mixed with a specimen prepared as dese ribed by Criegee, Marchand, and Wannowius (Annalen, 
1042 556. 99) A yellow zone was cut from the alumina column and gave on elution with benzene more 
phenanthraquinone, m. p. 206—207° 

The acidic fraction was repeatedly crystallised from aqueous methanol and ethyl acetate. This 
gave colourless prisms, m. p. 228-—-230°, shown by mixed m. p. to be dipbenic acid. Identification was 
completed by conversion into the anhydride, m. p. and mixed m. p. 217 The sodium hydroxide extract 
on acidification gave a product which was purified by passing its benzene solution through a columa of 
alumina. This gave a small amount of 9phenanthrol, m. p. and mixed m. p. 148° 

Chrysene.-—In this case reaction was slow, but the hydrocarbon in suspension (using 330 mg. in 
SO cc. of acetone) dissolved during the course of 3 weeks. The red solution was concentrated mm vacke 
and gave red needles of 1 : 2-chrysaquinone, m. p. 237-238", not depressed by mixing with an authentic 
specunen. Small amounts of acidic and other products were also formed 

Anthracene. —-The hydrocarbon (100 mg.) in acetone (10 c.c.) was treated with 1%, osmium tetroxide 
solution (1 ¢ c.) and 26%, hydrogen peroxide solution (2c.c.). After 4 days long needles of anthraquinone 
began to separate (m. p. and mixed m. p. 275"). In another experiment 250 mg. of anthracene gave, 
after 4 months, 170 mg. of anthraquinone and traces of unidentified acidic products 

Pyrene.-A solution of this hydrocarbon (350 mg.) in acetone (10 ¢.c) became pink immediately on 
the addition of the Milas reagent. After a week the deep-red solution was worked up. Chromatography 
of the benzene extract led to recovery of some unchanged hydrocarbon and gave several coloured bands 
Chloroform eluted a mixture of quinones, which were not completely separated by repeated chromato- 
graphy in benzene The colours given by the various fractions with concentrated sulphuric acid indicated 
the presence of the 3) S- and 3: 10-quinones (Vollmann ef al., loc. cst.). There was no definite evidence 
of the presence of the | : 2-quinone 

In another experiment the solution of reactants was kept for about a year. The deep colour slowly 
faded and a pale yellow solid was depomted. This was recrystallised from much ethanol and then 
sublimed under reduced pressure, giving yellowish needles of naphthalene-1 4. 5: §-tetracarboxylic 
dianhydride, m. p. above S60 Treatment of the silver salt with methyl iodide gave the methyl ester as 
colourless leaflets, m. p. 196---198°, not depressed by mixture with a sample similarly oS. from 
Cook and Hewett's tetracarboxylic acid (/., 1933, 405) (Found: C, 602, H, 47 1,60, requires 
C, 0, H, 45%). 

1. 2-Benzanthracene.—(a) A solution of the hydrocarbon (0-5 g) in acetone (20 ¢ ¢ } was treated with 
40% hydrogen peroxide (2 ¢.c) and 1% osmium tetroxide (1 ¢.c.), both in fert-butanol. The solution 
soon became red and in the course of 3-—4 days red crystals separated (80 mg After crystallisation 
from chloroform these had m. p. 260--262°, not depressed by admixture with a sample of the quinone 
prepared by chromic acid oxidation of css-3 4-dihydroxy-3 4-dihydro-l 2-benzanthracene 
The product gave a purple solution in concentrated sulphuric acid, in agreement with Fieser and Dietz 
(J. Amer. Chem. Soc., 1929, 61, 3141). The quinone reacted with o-phenylenediamine in acetic acid 
solution to give the gumorxaline as pale yellow needles, m. p. 256—257° (Found: C, 860; H, 43 
requires C, 87-2; H, 4-3%) 

The mother-liquors from which this quinone had been separated were worked up in the normal 
manner. Chromatography of the benzene extract showed that very little unchanged hydrocarbon was 

t. The benzene cluate gave 1: 2-benzanthra-9° 10-quinone (X1) (120 mg) as orange needles, 
m. p. 167—-168°. Chromatographic purification of the material from the mother-lquors of this gave a 


Cu 
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small amount of 4-dihydroxy-3: 2-benzanthracene, mp. 201-—-205°, not depressed 
by admixture with a sample prepared as described by Cook and Schoental (Joc. at.) 

The acitie products insoluble in water (1 ¢ by acudification of the sodiam hydrogen 
carbonate extract) were ree ised several times from ethyl! acetate and gave a smal! amount of 
colourless crystals, mp. 245°. This acid was shown to be ktentical with 2°-ds- 
carbesylic acd (X111), colourless p 249-250" (from ethyl acetate), formed by oxidation of 
2 benzanthra-3 ¢-quinene (X11) with alkaline hydrogen peroxide (compare Weitz, Schobbert, and 
Seibert, Her , 1935, @B. 1163), and the same ack! was also formed from the quinone (XII) by treatment 
with the Milas reagent for several weeks (Found: 743; requires C, 740, H, 41%) 

Ite methyi exter, red by heating it hloric acid in methanol, formed colourless plates. 
m (Pound: C7546, H, 50 requires C, 75-1; H, 5-0%) 
another expetiment on the oxxtation of by the Milas reagent the acidic products 
were esterified with diazomethane and distille! The first fraction. b p. 90—100° 0-3 
was mostly methy! phthalate, identified by conversion into the anhydride. The fraction, b. p. 
mm. gave on hydrotysis the acid Treatment of the crude acid mixture with 
2: @dinitrophenythydrazine gave a smal! amount of solwl, indicating the presence of keto-acids, but a b~ 
pure substance could not be molated 

2-Benzanthracene (0-5 im acetone (20 ¢.c) was treated with 50% hydrogen peroxide in 
tert -batanol (3 cc.) and methylamine hydrochloride (140 mg The mixture was kept in the dark for 
2 months and gave 10- quinone mg) and acidic products from which phthahc 
ackt was molated by dutillation of the esterified material 

(ce) A similar experiment with haematin (prepared from haemin as described by Fischer al Zz 
Chem 1930, 198, 156) in place of methylamine hydrochlorite gave 2-be thra-9 
in 50% yield and some phthalic acid 

! 5 6-Dibensanthracene — The slight solubility of this hydrocarbon necessitated the use of a very ' 
dilute solution and the reaction was exceedingly stow at room temperature It was therefore accelerated 
by heating The hydrocarbon (500 mg.) in acetone (50 cc.) was treated with 50% hydrogen peroxide 
(10 ¢.c.) and 1%, osmium tetroxide (10 cc), both in tert -butanol, and the solution was heated at 70° for 
3—4 days The purple crystals which separated (160 mg} were recrystallised from acetic ack! and 
formed dark rect eathen m p 325° This substance was shown to be identical with | 2-5. 6-dibenz 
anthra-3 © 4-quinone (XIV eee as deacribed by Stephenson (/., 1949, 2620), who gives m p 327 
329° (compare Cook, / 1504). Concentration of the original filtrate gave a yellow solid which 
erystallised from benzene in orange-yellow needles, 246°, consisting of 2-5 
quinone (Clar, Ber 1920. 350) 

The extium hydrogen carbonate fraction on acidification gave a solid ipitate which after several 
reorystallisations formed a cream microcrystalline powder (from acetone), m. p. 307—309". This was 
2-phenyiphenanthrene-3 2’ -dicarboxvhec acid (NV), a sample of which was for comparison by 
oxidation of the quinone (XIV) with hydrogen peroxnde in boiling methanolic sodium h’ydroxude (compare 
Weits ef al, loc ct) The resulting acid had m 316°, and did not depress the m. p. of the acid 
obtamed by oxniteung the hydrocarbon with the Milas reagent, or that obtained by another route bw 
Stephenson (fer. cif), who gives m p. 311-313" For characterisation, the methy/ ester of (XV) was 

red by the Fischer-Speier method = It formed almost colourless leaflets (from ethanol), mp 144— 
45° (Pound: C773; H. St C,,H,,O, requires 77-8, H, 49%) 

3 &-Henepyrene (XVI The oxswtation of this bydrocarben with the Milas reagent proceeded as with 
yrene, Chromatography on alumina of the benzene rxtract after concentration (a large volume of 
yenzene was required) gave a red zone The column was cut and this was elated with chloroform 
Kepeated chromatography from benzene of the concentrated eluate resulted in partial separation into a 
lower (yellow) band and an upper (red) hand. These were cut, eluted with chloroform, and concentrated 
The residue from the yellow band gave a cherry-red solution in concentrated sulphurt: acid, whereas 
that from the red band gave an olive-brown solution. These colours are consistent with the view that 
the yellow quinone is the 5 16-quinone and the red quinone the 5° 8-quinone obtainéd by Volimann 
et al (Jee. ost) by chromic acid oxvdation of 3: 4-benzpyrene 

Some of the fractions from the chromatogram gave a deep violet colour with sulphuric acid and 
reacted with o-phenylenetiamine in acetic ack! to give a yellow precipitate, indicating an. o-quinone 
For comparison, the ditvdroxydbhydro-3  4-benzpyrene of Cook and Schoental (loc cit) was oxidised 
with chromic ack! and the resulting obably the 6! 7-quinone, crystallised froma glacial acetic 
ackt It formed orange-red needies. m ale (decomp.), and gave the expected deep violet solution 
in concentrated sulphuric acid (Pound 0: H. 36. requires C, 85-1; 355%) The 
quinesaiime, prepared by treatment with o-phenylenediamine in acetic acid, formed amall yellow ' needles, ; 
318° (decomp ), not depressed by admixture with aimilariy formed from fractions 
of the chromatogram (Found 87-8, MH. 42; N. 7-4 ©,,H,,S, requires, H, 40, N, 7-9%) 


We thank the British Empire Cancer Campaign for a grant which has enabled one of as (R. S.) to 
take part m this work. We are also much indebted to Mr. || Robertson for the grit of a specimen of 
and Microanalyses were by Miss R H Kennaway 
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13. ortho-Hydrorylation of Phenols. A New Case of th Smiles 
Rearrangement. 
By J. D. Lovpon, J. R. Ronertson, J, N. Warsow, and (in part) (Miss) S. D. Arron. 


The potassium salts of various phenols condense with 2-chioro-5-nitrobenzophenone to 
form 5-sstro-2-ervierybensophenone: which with concentrated sulpbunc acid afford solutions of 
the corresponding myixanthyliom «elphates. These solutions yield derivatives of 
9-phenylxanth-hydrol when treated with water, or (b) 
eg. (VN), when treated with acetic acid and hydrogen perceaide. Compounds of type (V) react 
with piperidine to give catechol derivatives and 4-mitro-2-pipersdinobensophenone, form 
unstable, covalent sediom derivatives, and in particriar cases rearrange in alkaline solution, 
the nitrobenac one residue migrating to the second oxygen atom of the catechol system, 
(X) —> (XB) 


Tue following investigation was undertaken to test the practicability of the reaction scheme 
illustrated by (1)—(VII) and to define the respects requiring particular study in order to achieve 
a general development. Condensation between 2-chloro-5-nitrobenzophenone (1) and the 
potassium salts of various phenols attorded the aryl efhers, «g., (11), in satisfactory yields and, 
in most cases, these were converted smoothly into 9-phenylxanthyliam salts by dissolution in 
cold concentrated sulphuric acid. The corresponding santh-Aydrols, ¢g., (LV), were obtained 
by pouring the solutions into water. This cyclisation process is analogous to that already 
deseribed for the formation of thioxanthen derivatives (Loudon ¢f al. /., 1941, 747) and, since 
it depends on nucleophilic reactivity in ring » fef. (11}', was less readily accomplished in cases 
where this ring was nitrated. 


4 
NCH y HO 
uv) (v) (vi) (VIL) 

Quint and Dilthey (Ber., 1931, 64, 2082) have shown that 9phenylxanthylium perchlorate 
is oxidised by hydrogen peroxide in acetic acid to 2-o-hydroxyphenoxybenzophenone (V; H 
for (NO,). Similar oxidation of perchlorates derived from our 2-nitro-?phenylxanth-hydrols 
gave mainly neutral products, presumably peroxides of the type encountered by Dilthey 
lec. cit.}. In a number of cases, however, the required catechol derivatives, ¢.g., (V), were very 
readily obtamed by oxidising the xanth-hydrol in sulphuric-acetic acid, and the process gave 
excellent results with 9-pheny!lxanth-hydrol itself. Consequently, in these cases 4 simple and 
almost quantitative conversion of the phenol derivatives (11; rng B «= phenyl, or o-, m-, or 
p-tolyl) into the catechol derivatives, ¢g., (V), was achieved by dissolving the former in 
concentrated sulphuric acid, diluting the solution with acetic acid and adding hydrogen 
peroxide. That the pyryliam ring opens in the sense shown was confirmed by the identity of 
the methylation product of (V) with the condensation product obtained from (1) and guaiacol. 

The tinal stage of the reaction scheme, wiz., liberation of the catechol from its ary! ether, 
was not examined extensively. The scission of o- or ~-nitrated diary! ethers by means of 
piperidine is well known (Le Févre, Saunders, and Turner, j/.. 1927, 1168, Groves, Turner, 
and Sharp, /., 1929, 512) and we have limited our present inquiry to a few test cases using this 
reagent. Catechol, 3; 4-dihydroxytoluene, and 4-hydroxy-3-methoxytoluene were isolated 
from (V), (XI), and (Xa), respectively, and mm each case 5-nitro-2-piperidinobensophenone was 
also produced, 

Since it ss part of our project to study the extension of the process through renewed 
cyclisation at the catechol stage (V), with or without alkylation of the free phenolic group, it 
became necessary to examine the behaviour of the catechol derivatives particularly towards 
alkaline reagents. Smiles and his collaborators have shown (for summary and references, 
cf. Ann, Reports, 1939, 36, 197) that the different donor-capacities in dissimilar atoms Y and Z 
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constitute an important factor in the rearrangement of (VIII) to (IX). Different donor- 3 
capacities wil) also exist where Y and 7 represent atoms of the same clement dissimilarly situated T 
in the molecule. This condition and other ewential features for rearrangement are present in ‘ 
the isomers (X) and (XI). Experiment indeed showed that when (X) was dissolved in aqueous i 
alkah it was almost completely rearranged to the compound which had already been obtained q 


by hydroxylating the p-tolyl ether (II; ring 8 = p-tolyl) and which, accordingly, has the ¥ 
formula (XI}. For this reason also methylation of either (X) or (XI) by methyl sulphate in : 
alkali afforded the same methyl ether (Xla), which was identified by scission with piperidine to 


(VIL) 


com COPh COPh 


HOS YY HOW HO AS NO, 
(X) (XL) (MIL) 
(Xe; Met) for HO) (Xie: MeO for HO) 
j 4-hydroxy-3-methoxytoluene as already mentioned. On the other hand, methylation without 


rearrangement was effected by means of diazomethane, which gave (Xa) and (Xla) from (X) 
: and (X1), respectively, the ether (Xa) being identified by its formation from (1) and 3-hydroxy-4- 
methoxytoluene. There was also evidence of rearrangement in the case of the nitrocatechol 
derivative (X11) which was prepared from p-nitrophenol via 2 
The compound appeared to be isomerised by dissolution in alkali and the same change, 
displayed as a double melting point, occurred on heating the substance in soft-glass but not in 
hard-giass tubes. Unfortunately, synthesis of the compound, which would be expected as 
rearrangement product of (XII), was prevented by the difficulty of effecting the cyclisation 
step (11) ——» (111) where ring © contains a m-nitro-substituent. Nitration of (I) yielded 
2-chloro-¥’ S-dinitrobensophenone from which by condensation with m- and p-cresol, followed 
by hydroxylation, there were prepared respectively 
and 3° : S-dinitro-2-(2-Aydrowy-4-methylphenosy)-hensophenone. In alkaline solution the former 
of these compounds was isomerised to the latter, corresponding with the rearrangement of 
(X) to (XD). It is probable that in the cases examined rearrangement is not complete but 
reaches an equilibrium point. This is suggested by the fact that the products of rearrangement, 
like the synthetic samples when recovered from solution in alkali, melt lower and less sharply 
than the pure compounds 
In the course of these experiments in alkaline media it was noted that the sodium and 
: potassiam salts of the catechol derivatives of type (V) were only sparingly soluble in aqueous 
; alkali. Further examination showed that in these compounds the metal is present in the 
covalent condition, The compounds were obtained as yellow crystalline solids of low melting 
points; they were sparingly soluble im coid water and were hydrolysed to the metal-free 
compounds by warm water; they dissolved readily in warm benzene or chloroform, losing water ' 
and giving orange-coloured solutions from which less coloured, lower hydrated forms separated 
on cooling. Their general instability made it difficult to secure consistent and reliable 


rh analytical data. Quint and Diithey (loc. ert.) describe a yellow sodium 
salt of 2-(o-hydroxyphenoxy)benzophenone and re-examination of this 
Na, 
nS ©.» compound showed that here too the metal is covalently. bound. Since 
re | | corresponding salts of 2-hydroxydipheny! ether are of the normal type, 
+ me \# the carbonyl group of the present compounds appears to take part in the 


covalent linking of the metal. By analogy with the covalent alkali 
derivatives of salicylidencacetophenone and related compounds investig- 
ated by Smiles and his colleagues (cf. Dvorkovitz and Smiles, /., 1938, 2022), this suggests a 
structure such as (XIII) containing a strainless ®@membered ring. It is noteworthy, however, 
that these authors were unable to find evidence of stable ring structures of this type containing 
more than exght members. 


(NUL) 


EXPERIMENTAL. 
2-Chloroe of (44 g.) (Fries, 
Annales, 1927, 287) and potassiam nitrate (1-7 in the requisite quantity of concentrated 
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sulphuric acid were mixed and, after 12 hours at room temperature, the mixture was poured inte ice- 
water The uct formed colourless plates, mp. 177°, fsom acetic (Found C, $10, H. 23; 
N, 93. C,,H,O,N,Cl requires C, 50-0, H, 23; N, 

For the preparation of the aryloxybenzophenones the chloronitrobenzophenone (1 mol) was added 
to a fused mixture of the appropriate phenol (1—2 mols.) and its potassiam salt (1-2 mols). Gentle 
heating initiated an exothermic reaction which was allowed to complete itself and after further brief 
heating (m all 15—-20 minutes) the mass was cooled and treated with a dilute solution of sodium 
hydroxide. The solidified product was crystallised from acetic acid, diluted if necessary. In this way 
the tabulated compounds were prepared from or from 2-chloro-3 
dinitrobenzophenone 


Found, % Required, % 
Ary! group. M.p Formula. c H c H 
5- s 


Phenyl 150 CygH yO N 
oToly! . Cael 
o-Methoxyphenyl CyH 
m-Chioropheny! ,NCI 
p-Chilorophenyl iis yO NOI 
-Methoxy-5-methylpheny! . 120 Cy,H,,ON 
B-Naphthyl 1397—138 
3’. Dinitro- 2-arylorybensophenones. 
m-Tolyl Cel yO, 
fP-Toly! CoH yO, 


He 


(1V), 184° (from benzene-petroleum (b p. 60--806°)| 
(Found: C, 71-55; H, #1. C,H,,O,N requires C, 71-5, H, 41%), was prepared by dissolving 
5-nitro-2-phenoxybenzophenone in cold concentrated sulphuric acid and, after an hour at room 
temperature. pouring the red solution into ice-water. The santhylium perchlorate, mp. 211° (Pound 
C, 56-7; H, 34 C,,HyON-C1O, requires C. 56-7, H, 30%), was obtained as orange-red crystals 
when perchloric acid (0-11 g.) was ad to a warm solution of the xanth-hydrol (0-2 g) in acetic acid 
(55 cc.) 

In similar fashion the following were prepared from the appropriate 5-mitro-2-aryloxy benzophenone - 
m. p. 186" (Found, C, 722, H, #5. requires C, 

H, 45%); m. p. 163° (Found: C, 12-1: 67 

requires C, 72:1 45%) [the derived perchlorate had m. p. 260° (decomp.) (Found: C, 

H, 35. CyH,O,N-C1O, requires C, 57-7: H, 

m. p. 240° (Found 46, H, 43. requires ©, 748; H, 41%); and 

Aenyizanth-hydrol, m. 194—195° (Found. ©, 62-5, H, 32. C,,HyO requires C, 626; H, 

3%). Cyclisation in the last case was completed by heating a solution of the ketome (2 ¢) in 

concentrated acad (25 ¢.c.) at 120-—-130° for 20 minutes, but even these conditions failed to achieve a 

satisfactory cyclisation with 5-nitro-2-m-nitrophenoxybenzophenone which was recovered largely 
unchanged although the red colour of the solution indicated partial formation of the xanthylium salt 

2-0-H solution of %phenylxanth-hydrol (1 in concentrated 
sulphuric aced (1 ¢c.) was diluted with acetic acid (11 cc), and hydrogen peroxide was added dropwise 
and with shaking. The initial yellow colour of the solution rapidly changed to orange-red which 
gradually faded to a pale yellow (ca. Lhour), At this stage the mixture, in which some colourless flak 
crystals appeared, was poured into water. The partly solid gum solidified when rubbed with ethanol, 
yielding 2-o-hydroxyphenoxybenzophenone (0-95 g.), m. p. 103-104", from ethanol (Quint and Dilthey, 
foc. ctt., give m. p. 104") 

Sodium derwative. The above compound dissolved in warm dilute sodium hydroxide to form a 
yellow solution from which, on cooling, the sodium salt separated as beautiful yellow leaflets (Found 
C, 548; H, 58. Cale. for C,H,O,NaGH,O-: C, 543. H, 595% When slowly heated these 
sintered at 80-.00° and melted quite sharply at 135-136"; when suddenly exposed to a temperature 
of 100---110° they rapidly liquefied, re-solidified. and again melted at 135 They appeared to be 
insoluble in cold water but when shaken with warm water gave first a tartnd and then a clear solution 
from which, on cooling, needles of the parent compound, m. p. and mixed m. p. 102-104", were 
deposited. On the other hand, when heated with benzene they dissolved, water being liberated, and 
the hot filtered solution deposited the trihydrate as a mass of fine colourless needles which gave a clear 
yellow melt at 135-136" and did not melt when plunged into a bath at 110° (Found: 629, HL 468 
CygH Na. requires C, 62-3; H, 52%) 

5- (V).—(i) suspension of 5-nitro-?-phenylxanthylam 
perchlorate (1 ¢.) mm acetic acid (10 ¢ c.) was treated with 30%, hydrogen peroxide (2 c.c.), The colour 
of the salt was gradually discharged and after 12 hours at room temperature the colourless crystalline 
solid (4) was collected, and the filtrate, on dilution with water gave a flocculent precipitate The 
latter, which was completely soluble in dilute sodium hydroxide, afforded the compound (V) (cf below), 
and was converted by reaction with methyl! sulphate in alkaline solution into 5-nitro-2-o-methoxy- 
phenoxybenzophenone, m. p. and mixed m. p. 130-132 The crystalline solid (4), which was the 
main product of the reaction, was insoluble im cold dilute alkali, liberated iodine from a solution of 
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todide and was probably a derived fromthe xapth-hydrol (cf. Quant and Lnlthey, 
tthad m. p. 180" acetic acid) (Found. C, 681; H, 42. C,.H,O,N requires 
#1, H, (i) Nitro-2-phenoxybenzophenone (2-6 was dissolved in told concentrated 
solphurie (42 and, after 30 minutes, acetic acid (26 cc.) was added. With vigorous stirry 
but without external cooling, hydrogen peroxide (6 cc) was then added fairly rapidiy (5 minutes) 

the whole was at room temperature for 3 hours. The mixture was then sed into water, giving 
the required prodwet (V) in almost titative yield. It formed faintly yellow needles, m p. 169, 
from ethanol (Found: ©, 682; H.@1. requires C, 68-1: H, 39%). 

benzophenone (1) was similarly obtaimed (i) from 2-nitro-7- 
methylxanthyliom perchiorate which also yielded mainly a peroside, m p. 210° (decomp.) (Found 
HL. 43 requires C, H, 43%), and from 5-nitro-2-p-tolyloxybenzo- 
It former pale yellow needies, m 150”, from ethanol (Found: C, 688, #2 

wil, requires C, 68-8; H, 43%), and yielded benzophenone 
(Ala) colourless needles, m. p. (from methanol) (Found: C. 698: H, Cy, H,,O,N 
requires ©, 60-4. H, 47%), when methylated either with diazomethane im ether or with methy! sulphate 
in aqueous sodium hydroxide, By acidifying solations of (XI) in aqueous or ethanolic potassium 
hydroxide, which had been at room temperature for periods up to 5 days, the compound was 
recovered mainly unchanged, although the m. p. and mixed m. p 145-—148° was invariably lower even 
after crystallisation 

5-Nutro-2-(2 (X), m p. (Pound: C, 689; 41. 
Cy requires C. 68-8 and phenoxy benzophenone, p. 
(Pound C, 687, H, 44%), were similarly prepared from the appropriate 5-nitro-2-aryluxy- 
benzophenones. When solutions of (X) in acetone al diazomethane in ether were mixed and kept at 
room temperature for 2 days, concentration of the resulting solution afforded 5-nitro-2-(2-methoxy-5- 
methylphenoxy benzophenone (Xa), m P and mixed m. p. 120° (from ethanol), whereas methylation 
of (X) with methyl sulphate in dilate sodium bydroxkle gave (Xa), m. p. and mixed m 101". 
Acidification of a solution of (X) in 5% aqueous potasssum hydroxide, which had been kept at room 
temperature for 24 hours, gave a phenolic product. m p. 145-147" (from ethanol), unchanged by 
aiouxture with (XI) but depressed to m. p. 130-134" by admixture with (X) 

Nitro benzophenone —A solution of 2. 7-dinitro-9-phenylxanth-hydrol 
(7 g.) in concentrated sulphuric acid (3 c.c.) was treated successively with acetic acid (6 ¢.c.) and 30% 
hydrogen perowide (1:5 cc) and the whole was kept at 40° for | hour After addition to water the 
solid was collected amd extracted with 90% ethanol, leaving an unilentified insoluble residue, m. p. 
265° (Fouad C, 635; H, 30%). On cooling (charcoal), the solution deposited colourless needles, 
m. p. 168-176" when determined in quartz or Jena-glass capillary tubes, but sintering at 166° and 
melting at oe. 200° in tubes of soft glass (Found C, 60-2, H. 33. C,,H,,O0,N, requires C, &-0: H, 
32%). The compownd was readily soluble in dilute alkali, acidification vielding a solid, which formed 
long colourless needles, m p. 208-210" (quartz), from ethanol (Pound: C, 601. H, 31%) The 
change in mp is prohably due to rearrangement to 5-nitro-2-(5-nitro-2-hydroxyphenoxy) benzophenone 
but attempts to confirm this by methylation with duzomethane gave in cach case a gummy product 
which resisted crystallisation 

3’ m. p. 203° (from acetic acid) (Pound 
€, 610, H, 35. CH, OLN, requires C, 60-9 335%). and 3° 
Phenosy\bensophenone, m. p. 162° (from methano!) (Found: C, 61-1; H, 35°), were prepared in the 
usual way from 5-nitro-2-p- and -m-tolyloxybenzophenone respectively (0-4 ¢ ) in concentrated sulphuric 
acid (2 «.¢.) and acetic acul (5 ¢.c.) by warming with 30%, hydrogen peroxide at 40 The latter product 
was converted into the former, m. p. and mixed m p. 201-202", by dissolution in, and recovery from, 
dilute potassium hydroxide 

Seissioms with Piperidine (i) A solution of 5-nitro-2-c-hydroxyphenoxybenzophenone (V) in 
piperidine was heated under reflux for 1 hour After cooling and addition of benzene, the resulting 
solution was washed with dilute sulphuric act! and then with dilute sodium hydroxide. Acidification 
of the alkaline extract and recovery in ether afforded catechol, m. p. and mixed m. p. 103-104", after 
distillation (diacetate, m. p. and mixed mp 63°). Concentration of the dried benzene solution gave 
S-mitre-2-piperidimobenzophenone (V1), m. p 160° (from ethanol), identical with a specimen prepared 
from (1) and piperidine (Found: C,,H,,O,N, requires 

(i) (XI) when similarly treated with 
piperidine afforded (V1) and 3 ¢-dinydronytoleenc The latter was obtained as a red oi) after 
acidication of the alkaline extract and recovery from ether; it afforded a solid distillate, mp. 64°, and 
with bromine in acetic acid gave the tribromo-derivative, m. p. 158—160° (Ono and Imoto, Bull. Soe. 
Chom Japen, 1996. 11. 127, give m 

(tu) 5-Nitro-2-(2 methoxy-4-methylphenoxy}benzophenone (Xie) likewise yielded (VI) and 4- 
hydroxy-3-methoxytoluene. The latter was obtained as a pale yellow oil of characteristic odour and 
giving with ferric chloride in ethanol the blue and green colour reactions mentioned by de Vries (Kee. 
Trev chim, 1909, 28. 276), with picric acid in ethanol it afforded orange-red needies of the picrate, 
98-99" (from aqueous ethanol) (Beilstein records m. p.s 06", 96-8", and 112°) 


Micro-analyses were carried out by Mr. J. ML. Cameron 


Tae University, Grascow September 22nd, 1949.) 
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“44. The Role of Eg Vibrations in the 2600-a. Benzene Band 
System. 
By D. P. Cras. 


The observation by Garforth and Ingold Y . 1968, 417) that the two £5 (C) ~ ‘brations differ 
strongly in their power to perturb the f Aig — Bog transition in benzene receives an 
explanation in terms of an assumed mechanism for the perturbation of electronic states by 
atomic vibrations. The mechanism, which m spite of a certain reasonableness must at present 
be treated as heuristic, is that each C atom in the benzene ring acts towards non-neighbours 
as a smal! positive charge but is completely screened from its neighbours. Electronic wave 
functions are approximated in terms of structures, and of these the polar ones here play the 
central part energy matrix components are Changed im the course of vibrations by electro- 
static action between the smal! charges already mentioned and the unit charges of polar 
structures. The 606-cm “ vibration can then be calculated to be more effective, by a factor 
greater than 100 times, than the 1596-cm.~' vibration im causing the appearance of the 
fortudden transition. This agrees with the experimental finding 


Herzsexc and (Z. physihal. Chem,, 1933, B, 21, 410) established the principles, so 
far as the demands of symmetry are concerned, which govern the disturbances caused to 
electronic states by atomic vibrations in polyatomic molecules. A spectral transition forbidden 
by electronic selection rules is made allowed if the symmetry properties of the atomic 
vibrations change during the transition by a component I’, such that 


where [,, and Ty,, are the representations to which the ground and the excited electronic wave 
functions belong and I’,, for example, that of the * vector. However, Garforth and Ingold 
(J., 1948, 417) showed that, of the four Ej vibrations of benzene capable in principle of making 
the 2600 4. transition appear, only two actually do so and in these two the motions of the 
C skeleton are geometrically similar The figure is part of a block of illustrations used by 


Vebration forms of benzene 


Bailey, Ingold, Poole, and Wilson (/., 1946, 222) to show the vibration forms of benzene and 
it is reproduced here with their permission. It depicts a set of basic £; motions from whach, 
by linear combination, all possible Ey motions of benzene can be set up. Garforth and Ingold 
(loc, cit.) find that the two vibrations with a large component of either the C1 or the H1] motion 

in which, that is, the C hexagon ts distorted principally by angle bending and not by bond 
stretching-—are effective, whereas those with a large component of C2 or H2 are ineffective. 
The latter equally with the former satisfy the symmetry demands but fai) to appear on account 
of some more subtle detail of the atomic motions. To understand how this can happen a 
mechanism has to be assumed by which the electronic energy comes to depend on the nuclear 
motion, and this should make it plain how the observed differences come about. A very simple 
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mechanism is applied in this paper to study those two vibrational motions, compounded from 
C1 and C2, in which the carbon atoms have large amplitudes, and it is found that one of these 
could be very much more effective than the other in this phenomenon. The effective one is 
the predominantly bending motion, as required by experiment. 

The intense absorption band of benzene at 1700 a. records an A,, ~ EQ transition, and any 
forbidden transition which appears at longer wave-lengths does so mainly by borrowing intensity 
from this strong band. We concentrate therefore on finding to what extent Ej vibrations cause 
mixing of the final B,, state of the forbidden transition with the final E; state of the allowed 
one. The coefficient for this mixing is, in perturbation theory, 


in which ¢ and £ respectively denote unperturbed wave functions and energies, and H(E;) is 
the perturbing potential of a hexagon distorted in an E; vibration. The intensity of the 
transition ending at the B,, state will bear the same ratio to the allowed A,, — Ej intensity as 
the square of the expression (1) bears to unity; hence to compare the perturbing powers of the 
two E; vibrations (s.¢., the two C vibrations) we have to compare the squares of (1) evaluated 
for them 
We may write approximate forms for ¢(E>) and ¢(B,,) in terms of the following structures : 


Two EF wave functions may be made up from these and both involve only the polar structures 
Ato L. Of the two the following one alone may be the final state for intense transitions : 


A degenerate partner to (2), chosen orthogonal to it, is inactive in the mechaniam we consider 
and hence may be neglected. The B,, state which, to appear in the spectrum, has to become 
mixed with J(Ez) has non-polar as well as polar components. We follow in detail only the 
polar part, 6(B,.). The contribution by the non-polar part is in the same sense and proportional, 
but is smaller because it appears multiplied by the overlap imtegral between neighbouring 
atomic orbitals. We therefore take 


= + . (3) 
If Hf be the Hamiltonian for the undistorted hexagonal shape it follows from the symmetry of 
the problem that 


A distortion from hexagonal shape replaces H in (4) by H — H, H being a perturbing potential 
having the symmetry of the distortion, When H transforms like E; the matrix component 
analogous to that im (4) has a part which transforms like 4,, and is not therefore necessarily 
zero. Small terms being neglected, the totally symmetrical part is 


He Bde (1 — 2(BHB) (CHC) + (DHD) . . etc} 
2){(AHA) — (BHB)} . 
the second line following from the first because Hf transforms like Ej. The value of this 
expression, put im (1), determines the intensity of the fortidden band system. Evidently its 


value depends on the development of energy differences under the perturbing vibration be ween 
structures in pairs like A and B which have opposite charge displacements. We therefore 
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have to investigate the right-hand side of (5) by seeing how the energies of oppositely charged 
structures are split by atomic motions of specified types. 

The energies of these polar structures change during the course of vibrations because the 
internuclear distances change, and this alters the mutual energy of the charged atoms and the 
other nuclei. Since at distances greater than a bond length the field of an atom i dominantly 
electrostatic (the exchange terms being negligibly small) the energy changes we wish to study 
may be taken to arise from the electrostatic action between the unit positive and negative 
charges in the structure, and the field of the incompletely screened nuclear charge of the other 
atoms. Now screening is most complete in the directions of maximum electron density (s¢., 
bond directions) so it is evident from the outset that a distinction must be made between 
neighbour and non-neighbour interactions, the former being smaller than the latter by virtue 
of the more complete screening along the line of the c bonds. Accordingly we propose, as the 
simplest reasonable model, that any nucleus acts toward a non-neighbour as a smal) positive 
charge ge, but is completely shielded from its immediate neighbours by the bonding electrons. 
Interest throughout centres on energy differences developed between oppositely charged 
structures, so that no attention need be paid to the interaction between the charged atoms 
which changes by the same amount in the two structures, We thus suppose that in any 
structure there are on the non-charged atoms small residual charges ge, and that energy changes 
in distorted molecules are a consequence of interactions between the two charged atoms and 
these smal) charges on non-neighbours 

We now proceed with the calculation of the perturbation energies. Since the displacements 
are small compared with a bond length we use the differential expression for change in electro- 
static energy 


Since 4(B,,) is symmetric, but ¢(Ej) antisymmetric, to rotation about the « axis, antisymmetry 
in the vibrational motion will be necessary to cause mixing. Only the lower forms of Cl and 
C2 need therefore be studied. We suppose the atoms in the lower form of Cl to be displaced a 
distance $r/2, and in the lower form of C2 the clockwise displacements are 47 and the anticlock- 
wise ones 47/2. This choice is merely a convenient one for the next step, and the composite 
motions have later to be normalised to unit kinetic energy. The distortion energies are ; 


Structure A, distorted according to C1 (lower form) 
Structure A, distorted according to C2 (lower form) 


LAE 
Substituting in (5), we have 


« = —4/2(1.4 + 9/3/12) — 0558 


The actual molecular motions in FE; vibrations are combinations of Cl and C2 in proportions 
determined by the force system opposing distortions of the equilibrium hexagon. To find 
these actual motions we proceed in the simplest way, by supposing the C-H groups concentrated 
in mass points and taking a valence-force field with C-C stretching and C~C-C planar bending 
force constants as found by Ingold and his collaborators (/., 1048, 491}. Keferred to the 
lower forms of the illustrated motions, the actual motions after being normalised to equal 
kinetic energics are : 


(6) 


— O25C2: calc. 616 em. (exptl, 606 cm.) 
@44C1 + 052C2 calc. 1657 (exptl. 1596 


Using (6), we now find the matrix components for the mixing of B,, and Ez states by these two 
vibrations 


606 J 90H (C1) 025 H 


1506 cm. (Cl) + (C2) de 
0063 48r 
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The relative effectiveness of the vibrations per unit excursion of the nuciei is the ratio of the 
squares of these quantities. Since the low-frequency motion has a larger amplitude than the 
high, the ratio of squares has to be increased in favour of the 606-cm.' vibration by a factor 
(1696 606), making the final result ; 

Intensity in Ay — B,, due to 1596.cm.' (-- 0-063)" _ 606 
We do not wish to inset on the numerical magnitude of the ratio, which is rather sensitive to 
the elastic constants chosen to determine the motions. However, in making the forbidden 
transition allowed, the 606-cm.' vibration is certainly more efiective, by a factor greater than 
100 times, than the 1506 cm."', and this agrees with the observation by Garforth and Ingold 
(loc, ext.) that the latter vibration is actually inactive, or very weak, in the spectrum. 

An estimate of the wntensity Ay — B,,. With one further assumption it is possible to form 
an estimate of the stolen intensity in the 2600-,. band system. Such a calculation, compared 
with experiment, gives a partial check of the mechanism of perturbation that has been assumed. 
The quantity required for evaluating (1) is ge, from whiched can be found. For this we use 
Slater's rules for atomic screening constants, and suppose that at remote points a nucleus has 
the field expected outside the atomic configuration (Is)*(2s, 29)*. This gives ge = —06 
electron. The root mean square excursion of a nucleus in the 606-cm_' vibration is 0-064 a., 
and the coefficient of ¢(B,,) in the full wave function for the B,, state (including non-polar 
as well as polar structures) is about 05. The perturbation matrix component is 


and this, through (1), gives f (calc.) = OOO014 as the calculated stolen intensity. The 
experimental value is f (expt!) « 6002. The close agreement is fortuitous. The important 
thing is the agreement in order of magnitude and the calculation is satisfactory to that extent. 


I am very much indebted to Prof. C. K. Ingold, F.K.5., and to Dr. Edward Teller, for discussions on 
this subject. I alse thank Prof. Ingold and his collaborators for permission to reproduce their diagram 
of vibration forms The work described! has been carried out during the tenure of a Turner and Newall 
Fellowsiip in the University of London 
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15. Preparation of t-Threonine. Interconversion of the Four 
Stereorsomeric 2-Amino-$-hydroxybutyric Acids. 


By F. 


Resolution of frans-pt-.-pheny!l-5-methyl-At-oxazoline-4-carboxylic acid with brucine 
atiords the t-form (1) of the acid as a crystalline brucine salt) The p-form (IV) remaining 
in the mother-liquors was also converted into (I) by a stepwise inversion process Almost 
all of the racemic actd was thus transformed into the t-form. Hydrolysis of (1) gave pure 
i-threonine in 22% overall yield from hippuric acid. A cycle of asymmetric transformations 
has been worked out whereby any one of the four stereoisomers of a-amino-f-hydroxybutyric 
ackl may be prepared from (1). The configurations of the two allethreonines have been 
determined by reference to L-threomne 


IN @ previous paper (Elhott, /., 1949, 589) it was shown that both stereoisomeric pi-forms of 
ethyl! 2-phenyl.5-methyl-At-oxazoline-4-carboxylate gave, on hydrolysis with aqueous alkali, 
the frans-acid which ts configurationally related to threonine. As a result of this discovery the 
overall yteld of Di-threonine obtained in the synthests from hippuric acid (Attenburrow, Elliott, 
and Penny, /.. 1468, 310) was considerably increased. It was apparent from the data 
accumulated tn this work that it should be possible to evolve a cycle of asymmetric transforma- 
tions for the imterconversion of the four stereomomers of a-amino-3-hydroxvbutyric acid (cf. 
Ellett, Nature, 1948, 162, 657 The conversion of p-threonine into its optical antipode was 
particularly desirable, Realisation of these possibilities depended on the asymmetry of the 
molecule being retamed during the cyclisation of ethyl a-benzamido-8-hydroxybutyrate with 
thionyl chloride which was described in a previous paper (Elliott, 1949, Joc, cit.). Owing to the 
Presence of two asymmetric Centres it was not possible to obtain unequivocal evidence on this 
point by working with the racemic substances. It could always be argued that the inversion 
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took place through an optically inactive intermediate by destruction, followed by regeneration, 
of both centres of asymmetry. 

Resolation of pt-N-formy!4)-methylthreomme has been described by West and Carter 
(J. Biol. Chem., 1937, 119, 109); this compound is not easily accessible from threonine itself, 
but only from crotonic acid. The main aim of the present investigation being to find a con- 
venient synthesis of t-threonine from hippuric acid with the minumum number of steps it was 
desirable to resolve one of the intermediate compounds. This task proved to be exceedingly 
difficult. pi-N-Benzoylthreonine received a great deal of attention with complete lack of success, 
It gave non-crystalline salts with brucine, quinine, cinchonine, and g-ephedrine, whereas with 
l-phenylethylamine it gave sparingly soluble diastereo-compounds in a vanety of solvents, 
prepared from pL-O-benzoylthreonine in the usnal way also 
gave a diastereo-compound with (-—)-I-phenylethylamine. Mild alkaline hydrolysis of 
pi-N-formyl!-O-benzoyithreonine gave DL-N-formylthreommme which was a very soluble compound 
and could not be resolved. Various other derivatives were tried without success. At this 
point the choice was becoming limited and it was decided to investigate the resolution of 
trans-DL-2-pheny!-5-methyl-A*-oxazoline-4-carboxylic acid (VII). This compound was the last 
to be considered because of its instability, it was known to be sensitive to dilute mineral acid 
(Elliott, 1949, loc. cit.). Considerable time was devoted to the resolution of the oxazoline- 
carboxylic acid with (+ )- and {—)-1-phenylethylamine because it would then have been possible 
to obtain both forms in a state of purity. Although partial success was achieved this resolution 
was abandoned when it was found that recrystallisation of the salts, even in anhydous solvents, 
resulted in fairly extensive decomposition. This was attributed to an attack on the cyclic 
imino-ether group by the primary amine to produce an open-chain amuline deriwative (cf. 
Barber, Gregory, Slack, Stickings, and Woolman, (/’S. 66, May 24th, 1044). It was obvious 
that only tertiary bases could be used with safety in this case, (—)-Ethyl-l-phenyidimethyl- 
amine (Snyder and Brewster, /. Amer. Chem. Soc., 1949, 71, 201) did not give a crystalline salt 
with the oxazoline-carboxylic acid. 

Success was finally achieved with brucine as the resolving base. Fortunately only one of the 
diastereoisomenc salts crystallised and this was extremely well defined. It was quite stable in 
anhydrous solvents, possessed very satisfactory solubility properties, and was formed in high 
yield. Furthermore, the acid combined with the brucine was trans--2-phenyl-5-methyl- 
A*-oxazoline-4-carborylic acid (1), because it yielded t-threonine on acid hydrolysis. It then 
remained to test out the ideas concerning the interconversion of the stereoxsomerc forma which 
were mentioned above. The brucine salt remaining in solution was decomposed with dilute 
alkali and chloroform, and the crude b-oxazolinecarboxyiic acid (1V) converted in solution 
without isolation into N-henzoyl-p-threonine (V) through the O-benzoy! derivative. Polan- 
metric investigation revealed that not less than 70°, of the crude product was the p-form, 
The benzoyl compound was esterified with diazomethane and cyclised with thionyl chlonde 
at 0". The oxazoline ester obtained had a high optical rotation; this ruled out the possibility 
that the crotonic acid derivative, CHMecC(NH-CO-Ph)CO.Me was an intermediate in the 
evclisation. Although this had always been considered remote, it is the first time that definite 
evidence has been obtained on this point. Previous work has shown that the action of thiony! 
chloride on ethy! 2-benzamido-$-hydroxybutyrate causes cyclisation with inversion at Cg. The 
oxazoline ester obtained from impure (V) must therefore have consisted of not less than 70%, 
of the cis-p-form (V1), the remainder beimg the cis-t-form (III), According to experiments 
described in a previous paper (Elliott, 1949, Joc. at.) mild hydrolysis of this mixture with 
aqueous alkali should have caused mutarotation at C,.., thus giving the corresponding frans- 
forms. This was not the case. A complex mixture resulted from which only a small quantity 
of the trans--form (1) was isolated as the brucine salt. v1L-N-Benzoylalicthreonine was also 
isolated from this mixture. Clearly, incomplete mutarotation had occurred at C,.. The 
earlier experiments referred to above had been carried out on the ethyl cis-DL-oxazoline ester, 
mutarotation appearing to be complete. Failure to obtain the same results with the correspond- 
ing optically active methyl ester was attributed to the much faster rate of hydrolysis of this 
compound, It seemed probable that mutarotation ceased as soon as the ester group had been 
Temoved. 

In order to gain further information concerning the rate of this mutarote jon under various 
conditions, experiments were conducted on methyl 
4-carboxylate (111) which was readily obtammable in pure form. Pure benzoyl-.-threonine (11) 
was prepaied from the brucine salt of (1) and was esterified with diazomethane. The bensey/- 
L-threommme methyl ester was cyclised with thiony! chioride to give the pure oxazoline ester 


Elliott: Preparation of L-Threonine. 


(Lil) in good yiela. Mutarotation studies on this com: were carried out polarimetrically. 
In @ mixture of equal parts of x-sodiam bydroxide and a!:ohol mutarotation occurred to a much 
greater extent than with aqueous alkali, but conversion into (IV) was still not complete. This 
was the case even when the alkali was present in excess, showing that the free acid corresponding 


i—¢—H 


COW 


i 


Me Me 
t-alloThreonme trans 
carboauylic acid (1) 


t 
ow 7 


uy 


CO,H 
} 
Me Me 


ester (V1) 


| Cyelmation of Me 
| with SO), 
| hewersica at 


CO,H 


Crystalline brucine salt 
trans DL -Oxazoline 
carboxylic ached (VIL) 
plus brucine 


Amorphous brucine salt 


Kenzoyl-.-threomine (11). 


Cyclisation of Me | 
ester with 
a1 


CO,Me 


HO i 


Me 
Benroyl threenine (V 
| Acid 
wee, 


| ye 


COW 
NH,-C--H 


Acted b vam 


Me Me 
t-alloThreonine 
In this scheme the prefixes D- of t- refer to the configuration at C,., as in all amino-acids, but 
the projection formule are those canventionally used for carbohydrates 


Threonine 


to (ELT) did not undergo mutarotation. In alcoholic sodium ethoxide solution at room tempera- 
ture mutarotation was immeasurably fast, after addition of water to the solution, followed by 
short refluxing to hydrolyse the ester group, the rotation of the solution revealed that about 95%, 
conversion into the trans-p form (IV) had occurred 

Application of these experimental conditions to the impure cis-p-oxazoline ester (V1), 
obtained from the amorphous brucine salt as described above, gave the desired result. The 
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yield of (1) isolated as the brucine salt from the product was approximately that expected from 
the specific rotation of the crude benzoyl-p-threonine. The total yield of brucine salt obtained 
from the resolution of the oxazoline-carboxylic acid and from the inversion of the p-form was 
about 75°, (based on the utilisation of both forms) of slightly impure material. It was re- 
crystallised twice with a loss of 10-15%. -The overall yield of L-threonine from hippuric acid 
was 22°; this could have been raised by re-utilisation of the mother-liquors, but for ordinary 
preparative work this seemed hardly necessary. Recently, Pfister, Robinson, Shabica, and 
Tishler (/. Amer. Chem. Soc., 1949, 71, 1101) have described a synthesis of Di-threonine in good 
overall yield from acetoacetic ester, and in a later paper from the same laboratories (Zambito, 
Peretz, and Howe, sdid., p. 2541) resolution through the p-nitrobenzoy! derivative is reported. 
Although it was known that the resolution of DL-p-nitrobenzoylserine had been accomplished 
by Fischer and Jacobs (Ber., 1906, 39, 2042) this method of resolving pi-threonine was not 
investigated in this laboratory because it would have added extra stages to the synthesis. 
Fortunately, the present investigation was greatly simplified by the successful resolution of 
the oxazoline-carboxylic acid, which lies directly on the synthetic pathway from hippuric acid. 
It must be admitted that the oxazoline-carboxylic acid is not an ideal substance for resolution 
because of its instability, but by careful attention to experimental detail this disadvantage can 
be overcome. 

The trans-t-oxazoline-carboxylic acid (I), which can be obtained absolutely pure as the 
brucine salt, is the key substance from which all four stereoisomers of s-amino-f-hydroxy- 
butyric acid were prepared as shown in the reaction scheme. The yields were good at every 
stage. It has been shown (Elliott, 1949, joc. cit.) that the ethyl ester hydrochlorides of threonine 
or allothreonine are converted into the corresponding oxazoline esters with retention of con- 
figuration at both asymmetric centres on treatment with benzimino ethyl ether. Thus it is 
possible to leave and re-enter the main pathway (I to VI) at will; all four stereoisomers are 
therefore easily interconvertible. This cycle of interconversions establishes the configurations 
of the allothreonines relative to L-threonine. 1-alloThreonine was dextrorotatory in water 
and much more so in n-HCl. This increase in positive rotation on conversion into the 
cation is in agreement with Clough’s rule concerning naturally occurring amino-acids 
(Clough, J., 1915, 107, 1509; 1918, 113, 526). The preparation of p- and t-allothreonine 
was first carried out by West and Carter (J. Biol, Chem., 1938, 122.611). The specific rotations 
of these substances prepared by the present method are in good agreement with those recorded 
by West and Carter 

The asymmetric transformations described in this paper can be explained satisfactorily by 
the reaction mechanisms previously proposed by the author which are summarised below 
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The term mutarotation has been applied to the inversion of configuration which occurs when the 
cis-oxazoline esters are brought into contact with ethoxide ions. It is believed that this 
expression correctly describes the phenomenon, because the final product is probably an 
equilibrium mixture containing a simall but definite amount of the cis-isomer. The evidence 
from the polarimetric study is that at least 95%, of the trans-form was present after equilibration 
and hydrolysis. No figures were available for the rotation of the corresponding cis-oxazoline- 
carboxylic acid, but as judged by the figures for the rotation of the methy! esters the sign would 
have been opposite to that for the frans-form. The fact that the optical rotation did not reach 
the theoretical figure after equilibration could be explained by decomposition to optically 
¥ 
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inactive substances, of to the presence of a very small quantity of the c:s-form. The remarkable 
stereochemical specificity of this reaction must be attributed to powerful steric forces. 


EXPERIMENTAL. 
(M. p.s are uncorrected.) 

DL-N- —Ethy! A®-oxazoline-4-carboxylate 
(2-3 ¢.) was reflaxed with 6-4n-sodium hydroxide (22 mi) until dissolved, and then cooled to room 
temperature, and Gx-hydrochloric (4-2 mi., 2 equivs) was added. After 4 hours hydrated saudium 
acetate (1-4 g.) was added with stirring. The main bulk of the O-benzoyithreonine separated rapidly 
It was filtered off; the mother-liquors were evaporated to obtain a second crop and were finally evapor- 
ated to dryness under reduced pressure. The solids were combined, mixed with 90%, formic acid 
(10 mi), and warmed to 45", and acetic anhydride (3 mi.) was added dropwise with shaking. The 
solution was then heated to 80° for 15 minutes and evaporated to dryness under reduced pressure, 
The resiktue was lixiviated with cold water to remove sodiam chloride and dried at 100". pt-N- Formy!- 
(1-9 76%) formed irregular masses of prisms (from hot water), m. p. 172—173° 
(Pound: C, 57-3; 525; requires C, 57-4; 5-2; N, 

The salt with (+4)-I-phenylethylamine had mp. 154~--166°. The N-formy!-O-benzoylthreonine 
liberated on addition of acid to an aqueous solution of this salt was optically mactive 

Dt-N-Formylthreonine —-The corresponding O-benzoyl compound (19 g) was suspended in water 
(10 ml), and Ss-axdium hydroxide added dropwise until the acid was neutralised. An additional 
1-45 ml. of Gw-sodium hydroxide was then added and the solution set aside 30 minutes at room tempera- 
ture The solution was then treated with Sn-bydrochlorc acid (3-1 ml), the benzoic acid was filtered 
off, and the filtrate extracted thoroughly with light petroleum. The aqueous layer was evaporated to 
dryness under reduced pressure, the residue was extracted with warm ethanol (20 mi) and filtered 
from sxlium chloride, and the filtrate again evaporated to dryness. The residue was dissolved in dry 
dioxan, a small amount of resinous material was filtered off, and the solvent removed under reduced 
pressure. The residual ofl was dissolved in a small quantity of anhydrous ethanol, and anhydrous 
ether was added until a cloudiness was produced. On storage at @° DL-N-formylthreonime (0-4 ¢.. 36%) 
separated in heavy prisms, m. p. 104 It was recrystallised from ethanol-ether and then had m. p. 
i0}-—106", which changed to 125.126" during storage for several weeks in a closed tube (Found ; 
C, 410; H.@7; C,H,O,N requires C, 46-8; H, 62; 95%) Owing to the unsatisfactory 
yield of this substance, attempts at resolution were abandoned after a few unsuccessful experiments 

Acid —This compound may be prepared 
from the corresponding pure ethyl! frans-oxssoline ester (obtamed from pi-threonine ethyl ester hydro- 
chloride and benzimino ethyl ether), in which case the yield was 87%, of from the mixture of cs- and 
and est-oxagoline esters obtained in the synthesis of ot-threonine from hippuric acid, as follows. The 
mixtare of esters obtained as deseribed by Elliott (1049, Joc. cet.) was distilled and the fraction of b. p. 
110-130" 06 mm. collected. The yteld of purified product was 75% calculated on crude ethyl! a-benz- 
amido. hydroxybutyrate The ester mixture (44-6 ¢) was added to s-sodium hydroxide (220 mi); 
after addition of ethanol (220 ml.) the solution was refluxed for 15 minutes and then evaporated to 150--— 
200 ml under reduced pressure. The solution was cooled to 0° in an aloohol-solid carbon dioxide bath 
and efficiently stirred whi'et Ss-bydrochloric acid (ca. 44 ml) was added dropwise, the temperature being 
maintained at 0° throughout; the addition of the acid required 20-30 minutes. Local excess of acid 
was cavefully avoided. The pH of the solution was tested from time to time by means of Johnson's 
universal indicator paper, and when it had fallen to 3-5—4-0 the addition of acul was stopped Generally, 
about 00% of the theoretical amount of acid was required. The oxazolinecarboxylic acid usually 
hegan to crystallise before the addition of hydrochloric acid was complete; when it was delayed, the 
solution was seeded and the skies of the veasel were scratched. After the addition of hydrochloric acid 
was complete the solution was stirred for 15 minutes at 0° with occasional scratching of the vessel to 
complete the crystallisation. The ackl was filtered by suction, washed with a small quantity of ice- 
water, and dried as quickly as possible over sodium hydroxide and concentrated sulphuric acid in an 
efficient vacuum. The ackl appeared to be quite stable when dry. The yield was 28-5 g. (71%) and 
the m. p. 134-137". This material was pure enough for further work 

Acid (1 (a) Resolution of the vt-acid. The 
ackd (28-4 @) was added to a solution of anhydrous brucine (54.5 ¢) in dry ethane! (110 ml), and the 
mixture heated until all or most of the solid had dissolved. Anhydrous ethyl! acetate (250 ml. dis- 
tilled over phosphoric oxide) was then added and heating continued if necessary After a further 
addition of dry ethyl acetate (300 mi) the solution was kept at 0° with exclusion of moisture for 4 days 
The crop of crystalline solid was filtered off and washed with alittle anhydrousethylacetate. The mother- 
Inquors and washings were evaporated to dryness under reduced pressure at a temperature not exceeding 
45". The residue was dissolved in a mixture of anhydrous ethanol (16 ml.) and anhydrous ethyl acetate 
(80 ml.) and kept at 0° for 3davs. The second crop was treated as before. The total yield of slightly 
impure bructne salt was 34-6 ¢ (82%) The m p. of the salt was variable, melting was generally 
over a 2° range between the limits 128° and 140°. Crystallisation of the salt from aqueous methanol 
or ethanol gave a salt, m. p. 162-164", but some decomposition (of unknown nature) to an oily substance 
also occurred. Crystallisation of the salt from anhydrous ethanol, on the other hand, gave an excellent 
recovery of crystalline material. The m. p. was again somewhat variable in 3 separate experiments, 
128°, 131-132", and 132--133*. It was established that there was no difference in the purity of the 
three ples, by decomposition, as described below, to L-threonine which tn every case had the correct 

the rotation. The impure brucine salt (35-6 ¢.) was crystallised twice from anhydrous ethanol 
(180 mi. and 140 ml. respectively). The yield of pure salt was 31 ¢ (70%). Analysis showed that the 
pure salt contained one molecule of alcohol of crystallisation (Found. C, 66-2; H, 67; N_ 67. 
,O,N,.C, HOH requires C, 67-0, H, 67; 65%). was +13-6° (c, 6 in chloroform). 
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ib) Javersnon of the D-ssomer, The mother-liquors from the resolution and from the crystallisation 
of the salt were bined and ¢ ted to dryness under reduced pressure below 45°. The resxtual 
frothy mass was shaken ith x-sodium bydroxkle (100 ml) and chloroform (20 mi.) antil completely 
dissolved. The aqueous layer was extracted twice more with chloroform, the chloroform extracts 
were combined and hed once with water, and the two aqueous layers combined. To the aqueous 
solution was then added Sx-hydrochloric ack! (ca. 34 ml.) with stirring to pH | (glass electrode), This 
caused ring fission of the D-oxazoline-carboxyhc acid to D-O-benzoylithreonme. After 4 hours at room 
temperature Sx-sodium hydroxide (ca. 36 ml.) was added to the solution with stirring until alkalinity to 
phenophthalein was attained The O-benzoyl-)-threonine separated as a crystalline solid halfway 
through the seutralisation and then redissolved. The solution of crude N-benzoyl-p-threonine was 
acidified (Congo-red) with concentrated hydrochloric acid and extracted 6 times with an 1 volume 
of ethyl acetate. The combined ethy! acetate extracts were shaken with a smal! quantity of anhydrous 
sodium sulphate, filtered, and evaporated to small bulk under reduced —— The benzov! com- 
pound rapidly crystallised. It was filtered off and washed witha littleethylacetate. The mother-liquors 
were evaporated to dryness under reduced pressure and kept over concentrated sulphuric actd and sodium 
hydroxide in a vacuum desiccator until quite solid. The two crops of solid (15 g., 89%) were mixed 
and ground together in a mortar. [a)f} was —12-75* (c, 1-7 in water) 

The sold was suspended in ether (200 ml) and esterified by careful addition, with shaking, of an 
ethereal solution of diazomethane in slight excess. On evaporation of the ether the crude methy! ester 
remained as a ‘syrup which rapidly solidwied; it was dried in a vacuum desiccator over concentrated 
sulphuric acid. The yield was 18-55 g. (97%) 

»owdered methyl ester was added in small ions, with stirring, chloride (53 mi. ; 


The 
purited by distillation over quinoline and linseed oil) which was cooled to 6-—{*. The temperature was 
not allowed to rise above 5° during the addition. The mixture was allowed |to stand overnight at 0"; 
excess of thiony! chloride was then removed under diminished pressure below 35°. The residue, which 
frequently crystallised, was dissolved in dry chloroform and without delay! the solution was poured 
slowly into sodium carbonate solution (10%; 250 ml) with efficient stirr If necessary, addition 
of solxl sodiam carbonate was made to prevent the solution becoming acid chloroform laver was 
separated, the aqueous layer was extracted once more with chloroform, and the combined chiovoform 
extracts were washed with water, dried and distilled. The product (14-3 g., 836%) had b. p. 116-—115"/ 
0-03 mm., -36-7° (¢, 4-5 in ethanol). This was a mixture of the two methyl cs-oxazoline esters 
(ILI) and (V1), containing about 70% of the latter. | 

The mixture was dissolved in dry ethanol! (69 ml), and to it was added a adlution of sodium (1:68 ¢. ; 
5% excess over 1 mol.) . dry ethanol (69 mi). After the solution had nm kept for 5 minutes at 
room temperature, water (138 ml.) was added and the mixture retluxed for 15 minutes. The solution 
was evaporated under reduced pressure to about 50 ml. and cooled to 0", and Sx-hydrochloric acid 
(13-7 ml. exactly equivalent to the sodium used) added dropwise with stirding, with oh gaennaiaone 
referred to above in the tsolation of the pL-oxazolinecarboxylic acu! from its sodiam salt he product 
(11-55 86-45%). m. p. 151—154° with previous softening, was a mixture of the frens-oxazolinecarboxylic 
acids (LV) and (1) containing about 70% of the latter. The acid was added to a solution of anhydrous 
bracine (22-2 g.) in anhydrous ethanol (160 ml.) and heated until dissolved. The crystalline brucine 
sait (29-1 «, 72% calc. on the methyl oxazoline ester), m. p. 126-128", separated on cooling. It was 
recrystallised twice from absolute ethanol (ca. 5 parts), giving 24-9 ¢. of pure salt, m. p. 127-120" 

The total yield of pure brucine salt from (a) and (6) was 55-9 g. (62-59%, calc. on the oxazoline- 
carboxylic acid) 

The salt (27-4 g.) was decomposed with n-sod hydroxide 50 ml.) and chloroform in the usual way, 
and the aqueous layer cooled to 0° and treated with 5n-hydrochioric acid (10 ml.) with the usual pre- 
cautions acid separated in smal] hexagonal plates 
(7-1 g., 78%), m. p. 162163", +109-8° (c, 10 in 1:1 ethanol-y-aqueons sodium hydroxide), 
+ 108-2° (c, in the same solvent) (Found: C,,H,,O,N requires N, 6.8%) 

(11).—-The corresponding trans-t-oxazoline-carboxylic acid was dissolved ip 
1 equivalent of s-hydrochloric acid at room temperature, and after 4 hours at room temperature the 
solution was back-titrated with alkali etc.. as described above for the “'¢ of crude benzoy!- 
b-threonine. Benzoyl-t-threonine was formed in almost theoretical yield. Reerystallised from ethyl 
acetate it had m. p. 146—~148", [a)ff +25°8 (c, 1-4 in water), West and Carter (1937, joc. cif.) recorded 
+25-1 (in water). Benzoyl-t-threonine methyl ester. red (93%) in the usual way with diazo- 
methane and crystallised from ether, had m. p. 96", ae 4+ 23-2° (c, 5-4 in ethanol) (Found: N, 641. 
Cy,H,.O,N requires N, 5-9%) 

Methyl ovazoline-4-carborylate (111) —-Benzoyl-t-threonine methyl ester 
(7 @ ) was cyclised with thiony! chloride (20 ml) at 0° as described above for crude benzoyl-p-threonine 
methyl ester. The yield of oxazole ester, b 110—-115°/0-01 mm., was 6 g (93%). It solidified 
on storage to a colourless solid which was crystallised from light petrolewm (b. p. 40-—60"°), forming dense 
prisms, m. p. 74—75°, +69-2° (c, 8-5 in ethanol) (Found: N, 67. requires N, 6-4%) 

Polarimetric Investigations of the Mutarotation and Hydrolysis of Methyl cis-t-2-Phenyl-5 methyl- 
A? oxaroline-4-carborylate —Aqueous alcoholic sodium hydroxide was prepared by diluting N-sodium 
hydroxide (50 ml} to 100 ml. with ethanol. The oxazoline ester (1-405 g.. 0-005 mol ) was dissolved in 
the sodium hydroxide solution (11 mi). Unfortunately the rotation could not be measured at once 
because of a cloudiness which developed. After centrifugation in a stoppered tube the solution was 
placed in a l-dm. polarimeter tube Zero time was arbitrarily chosen as the instant when all the oxazoline 
ester had dissolved in the sodium hydroxide solution. The following readings were obtained at 23° 
(zero of instrument 360°) (the second place of decimals was not considered significant in this rough 
experiment) : 


After 51-5 mins. After boiling for 15 mins. . .............. os 


After 8 mins. . 352-2° After boiling for 2 mins. . at Te 


68 Elliott: Preparation of L-Threonine. 


; it was known that hydrolysis of the ester group would certainly be complete after 15 minutes’ 
boiling. The final rotation of the solution should have been —10-2* instead of 6-0" if complete con- 
version into the irass-tsomer had occurred. From the very small change in rotation that took place 
after the first § minutes it seemed probable that hydrolysis was complete in this time. To test whether 
further mutarotation took place alter hydrolysis in the a of excess of alkali, a portion of the 
above solution was diluted with the 6-5n-aqueous alcohol sodium hydroxide and the rotation of the 
solution reeasured betore and after 15 minutes’ boiling. There was no change in the rotation of the solu- 
tion, which had the expected value when allowance was made for the dilution. 

The oxasoline ester (1-95 g) was dissolved in anhydrous ethanol! (10 mi.) containing exactly | 
equivalent of sodium ethoxide. Polarimeter readings were taken in a l-dm. tube at 24—25°. Alter 
4 minutes from sero time which was arbitrarily chosen as before, the reading was 350-8" and no further 
change took place op storage for one hour The ester in solution was hydrolysed by addition of water 
(10 m1), followed by boiling for 15 minutes. The rotation of the solution was then —5-0". For complete 
conversion into the trans-isorser it should have been --5-6". From the rotation of the methyl cis-L-oxazol- 
ine ester it seemed protable that the ce+-oxasolinecarboxylic acid would possess a high rotation 
opposite in sign to that of the irans-1-oxazolinecarboxylic poy On the basis of this assumption the 
extent of the conversion was 06% 

t-alloT —The methyl cis-t-oxazoline ester (2 g.) was reflaxed 5 hours with 6x-hydrochloric 
acid (20 ml}, the solution was cooled, extracted with ether to remove benzoic acid, and evaporated to 
dryness under reduced pressure. The residual syrup was dissolved in hot ethanol (20 ml) _ excess 
of pure pyridine added. On cooling L-allethreonine ey as dense prisms (1-05 g., 96 It was 
recrystallaed trom aqueous ethanol and had m. p. —274" (decomp }. +03 3-8 in 
water), and 432-5" (c, in w-hydrochloric acid) (Found N, 11-7. Cale. for 


11-68%). West and Carter (1998, loc. ct.) recorded (a Ff +96" (in water) for their dextrorotatory 
tsomer 


trans-p-2- Acid (1V).—-The methyl cis-t-oxazoline ester 
(111) was treated with sodium ethoxxle, etc., as described alwve for the crude p-isomer. The tran:- 
p-acid had m. p. 163--164° and —106-1° 5-4 in 1: 1 ethanol-n-aqueous sodium hydroxide). 

(V).—-The methy! cts-t-oxazoline ester (111) (7-0 g was treated with sodium 
ethoxide, etc., as described above except that the oxazoline-carboxyiic acid was not isolated but was 
converted in solution into N-benzoyl-p-threonine in the usual way (sce above). The —— t was re- 
crystallised from ethyl acetate. The pure material (6 g.. 75%) had m 145-146" and | -25-1° 
15 in water) (Found: N, 60 for C,,H yO N, 63%) est and Carter (1937, lee. est.) 
recorded [aff —25-6° (in water) for this compound. Benzoyi-p- threonine methyl ester, prepared with 
diazomethane in the usual way, had m. p. 06°, (e)ff —23-3° (¢, 6in ethanol) (Found : N, 6-9. C,,H,,O,N 
requires N, 5-0%,) 

D- Threonine —-In this case the amino-acid was prepared from benzoyl-p-threonine and not from 
(TV) as shown in the chart. The benzoyl compound (2 g.) was hydrolysed as in the preparation of 
L-allethreonine. v-Threonine (yield, 0-06 , 89%) formed aggregates of hexagonal plates (from 80%, 
ethanol), 266" ap +244" #4 in water (Found: N, 11-5. Calc. for 
11-68%). West and Carter (1937, ioc. cit.) gave. aff +2%-4° (in water) 

Methyl Phenyl-5-methyl-\* (V1).—This ester was prepared from benzoyl- 
p-threonine methyl ester, as described for the L-isomer, in §8% yield. It had m. p. 75—76", (al? 
(¢, #4 in ethanol) (Found: O,N requires N, 6-4%) 

M allo Threonine ——This substance was prepared from (VI) in the usual way, in 94% yield. It had 
m. p. 272-273" (decomp.}, —91° (c, 39 in water) (Found: N, 11-7. Calc. for C,H,O,N: N 
ii ty) West and Carter (1938, lec. cit) gave (aff —9-11° (in water) 

~The pure brucine salt of the ¢rans-L-oxazolinecarboxylic acid (1) (409 ¢.) was decom- 
posed with s-sediam hydroxide (200 ml.) and chloroform in the usual way. To the aqueous layer was 
then added l0~-hydrochloric acid (440 ml), the solution was diluted to 700 ml, and the mixture was 
reflaxed for 5 howrs. After cooling, benzoic ackl was removed by one extraction with ether, and the 
aqueous layer was evaporated to dryness under diminished pressure. The residue was extracted with 
hot ethanol (09% 440 mi). the solution was filtered r~ sodium chloride, and p pyridine | (25 ml.) added 
to the filtrate. After 24 hours at 0° the L-threonine {17 85%: [alff —27-45° (c, 2-8 in water)} was 
collected and washed with absolute alcohol = It was trom and ‘formed bexagonal 
slates, m. p 262-—-263" (decomp.), —28-3° (c, 6 in water), 24 in water) (Found 
N, Cale for C,MJON: N, 12-8%) West and Carter (1937, loc sit} ‘recorded (al? —28-3° (in 
water), The yield of pure amino-ackl was 16 g. (80%, calc on the brucine salt.). 


The anthor thanks Mr. VG. Sheppard for experimental assistance. 


Nattonat Insrrrure ror Meprcat Ressarcn, 
Hampsteap, N W.3. (Recetved, September 27th, 1949.) 
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16. Acetylene Reactions. Fou VI. Trimerisation of Ethynyl 
‘om pounds, 
By J. D. Rose and F. S. Starmam. 


Dicarbonyidi(triphenylphosphino)nickel catalyses the polymerisation of phenylacetylene to 
the hitherto unknown | : 2: 4-triphenyliemszene, the structure of which is demonstrated by 
unambiguous synthesis. Phenylethynylcartinol is trimerised to 1: 3: 
benzene, which is oxidised to the known | : 3: 5-tribenzoyibenzene. 


Inrormation from Germany after the end of the war (cf. F.1.A.T. Final Report No. 933, H.M.S.O., 
London, 1946) contains references to a catalyst, dicarbonyldi(triphenylphosphino)nickel, of the 
composition (Ph,P),Ni(CO),, alleged to be active in the synthesis of acrylic acid derivatives from 
acetylenes and nickel carbonyl. A sample of this catalyst had been prepared in these labora- 
tories, and on the appearance of the paper by Reppe and Schweckendick (Ammalen, 1048, 560, 
104) which contains, inter alia, an account of the trimerisation of propargy! alcohol by this 
catalyst to a mixture of | : 2: 4- and 1: 3: 5-tri(hydroxymethyl)benzene, the trimerisation of a 
series of acetylenic compounds was investigated. 

The catalyst is prepared by interaction of triphenylphosphine (2 moles) and nickel carbonyl 
(1 mole) in ether and separates as a pale cream-coloured crystalline powder which cannot be 
recrystallised without decomposition. From its solution in cold benzene nickel hydroxide is 
precipitated within a day or two and, although reasonably good analytical figures are obtained 
on a freshly prepared sample, after six months’ storage the carbon content increases and the 
nicke! content falls considerably; the catalytic activity also falls off markedly on storage. 

Of a range of compounds investigated, only three acetylenic compounds were successfully 
trimerised; propargy! alcohol (see Reppe and Schweckendick, Joc. cit.), phenylethynylcarbinol 
(\-phenylpropargy! alcohol), and phenylacetylene. Phenylethynylcarbinol in boiling methyl 
alcohol was slowly trimerised to 1: 3: 5-tri-(a-Aydroxybenzyl)benzene, the structure of which was 
demonstrated by its oxidation to the known s-tribenzoylbenzene, The polymerisation of phenyl- 
acetylene by the catalyst was violent and, unless the compound was diluted with a large volume 
of alcohol, was almost explosive. In 10% alcoholic solution, polymerisation is vigorous and 
exothermic, but can be controlled. The crude product, an orange-brown gum, was purified by 
distillation and repeated crystallisation, giving a white crystalline solid, m. p. 109°, with the 
molecular weight and the composition of a triphenylbenzene, Of the three theoretically possible 
tripheny!benzenes, only the 1: 2: 3-, m. p. 157° (Smith, Ber., 1893, 26, 65), and the 1: 3: 5- 
isomer, m. p. 170° (Vorlander, Fischer, and Wille, Ber., 1929, 62, 2836), are known. The hydro- 
carbon, m. p. 109°, was clearly different from either of these; the m. p. of s-triphenylbenzene 
was depressed to 80°-—90° on admixture, and the formation of 1 : 2: 3-triphenylbenzene would 
be very improbable, involving as it would the migration of a phenyl radical under relatively mild 
conditions. By elimination, therefore, it appeared probable that the substance in hand was the 
hitherto unknown |: 2: 4-triphenyibenzene. This was established by synthesis, as follows 


cH Ch, 


Ph (OH)-CH, Pat cH 


a (Il) av, 


4-Hydroxy-3 : 4-diphenylcyclopent-2-en-l-one (I) (Japp and Miller, J., 1885, 27) (" anhydro 
monoacetone benzil "*), when heated with styrene in the presence of potassium hydrogen sulphate 
as dehydrant, affords the adduct 3 : 6-endokefo-1 : 2 : 4-triphenyicyclohex-l-ene (11), which on 
being heated above its melting point loses carbon monoxide and gives (presumably) a tripheny!- 
dihydrobenzene (¢.g., III), which could not be obtained crystalline but which, when dehydro- 
genated with sulphur, gave 1; 2; 4-triphenylbenzene (IV) identical with that obtained by poly- 
merisation of phenylacetylene. Attempts to simplify the synthesis by interaction of (I, and 
phenylacetylene, which should have given (IV) more directly, via the (unstable) doubly unsatur- 
ated analogue of (11), were unsuccessful. 

The formation of 1 : 2 : 4-triphenylbenzene unaccompanied by the 1 : 3 : 5-isomer is peculiar ; 
Krasouskii and Kipryanov (J. Phys. Chem. Russia, 1925, 56,1; from Chem. Abs. 1925, 19, 2817) 
showed that phenylacetylene, when heated with methylamine or ethylamine at 260-—260° for 
5— 6 hours (sealed tube), affords s-triphenylbenzene, It is virtually certain that the s-isomer is 
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not formed in the polymerisation described here; its solubility is much lower than that of the 
1: 2: 4-isomeride, and it is clear that if both were formed together, the s-isomeride would be the 
more easily isolated. Attempted trimefisation of a variety of other ethyny! compounds, includ- 
ing 3-methylbet-!-yn-3-ol, 3-diethylaminobut-l-yne, benzoylacetylene, and pheny!propiolic acid, 
all failed or gave nos-crystalline products which could not be identified. 


EXPERIMENTAL. 


Dicarbonylds ((CO) Ni PhP), (13-1 g.) in ether 

was refluxed gently on the steam-bath, and nickel carbonyl (42 ¢.; 3-2 ¢.c_} was gradually added. 

was evolved briskly and, after addition of half of the nickel carbonyl, crystals were 

pa mew from the solution. When addition of the nickel carbonyl was complete, the mixture was 

aed for a further 30 minutes, cooled, and filtered Dicarbonyldi(tripheaylphosphino)nickel (13-9 g } 

was obtained as a pale cream-coloured crystalline solid, m. p. 210-215" (decomp.) when plunged into a 

beth preheated to 210° (Reppe and Schweckendiek, loc. cif. gave m. p. 206—200") (Found: C, 70-7; 
HL 50; Ni, Cale. for C, 71-3, H, 47, Ni, 93%) 

- (I -phenylpropargy! alcohol) (10 g.) and the 
catalyst (0-5 g.) were refluxed in methyl alcohol (10 «.c.) overnight. there was no exothermic reaction. 
Evaporation of the solution, finally at 100°/16 mm. gave a brown gum which slowly crystallised ; 
trituration with ether gave a cream-coloured solid (1-6 ¢.), m. p. 160-173", which after repeated 
lisation from benzene aflorded 3: m. p. 181° (Found: C, 61-3; H, 6-2 
requires C, 61-8, H, 

etre oylbenzene. The above trimer (0-35 g.) in acetone (5 cc.) was oxidised by dropwise addition 
of chromium trioxke ytd ) in water (0-6 ¢.c.) containing sulphuric acid (02g). The temperature rose 
spontaneously to 40°, alter 30 minutes’ stirring water was added and the precipitated solkl was 
collected (0-32 m. p. 113-115"). One recrystallisation from alcohol afforded »-tribenzoylbenzene, 
m iy’, aed by admixture with an authentic specimen, m. p. 116-115" (Found. C, 83-1, 
H,42. Cale. for C,,H,.O,: 831, H, 46%). 

1.2. Polymerisation Phenylacetylene.—-Phenylacetylene (10 in alcohol 
(100 ¢.c.) was heated under reflox on the steam-bath with the catalyst (05). At 70° (internal temper- 
ature) a violent reaction occurred which was checked by cooling; when this had subsided the mixture 
was boiled under reflux for | hour, a dark oil separating. The mixture was poured into water and the 
oil extracted with ether, dried, and distilled. Fractions (a), b. p. about 160° /0-15 mm., and (6), b. p. 
about 190° 0-15 mm., were collected. Fraction (a) solidified after 3 recrystallisations from alcohol 
afforded d-triphenyibenzene as colourless prisms, m. p. 108° (Found: C, $625; H, 5-856; M, 
eryoscopic in benzene, 303. C,,H,, requires C, O41; H, 59%; MM, 306). Fraction (6), an orange 
viscous oi], deposited some crystalline material on cooling. It was dissolved in alcohol and cooled, and 
the mother liquor decanted. Spontaneous ev ation of the liquor gave a yellow amorphous solid 
which on repeated recrystallisation from alcohol, and finally from light petroleum, gave white crystals, 
m 109°, identical with those from fraction (a) 

1:2: ene —4- Hydroxy 4-diphenyleyclopent -2-en-1l-one 
(" anhydromonoacetone benzil (10 g.; Japp and Miller, cst), potassium hydrogen sulphate (10 g.), 
and styrene (20 g ) were refluxed for 2-5 bours. The hot supernatant styrene solution was decanted from 
the cle of potassam hydrogen sulphate, cooled, and diluted with ether. A pale yellow solid (5-25 g ), 
m. p 183.184", separated. Kecrystallisation from alcohol-acetone gave white needles of 3: 6-endo- 
heto- m. p. 188° with effervescence (Found: C, 88-2; H, 5-95. C,,H,O 
requires 695; H, 696%) 

When heated at 220-230", 3: 6-endoketo-1 : 2: 4-triphenyleyclohex-l-ene (5 g.) evolved carbon 
monoxkle briskly. The resulting yellow gum could not be induced to crystallise, and was mixed with 
powdered sulphur (1g) and heated at 250° for 4 hours. The product was distilled (b. p. about 170° /0-1 
mm.) giving an orange viscous oil, which was dissolved in light petroleum (b. p. 60-—80") and set aside 
After 3 days clusters of crystals separated, these were recrystallised twice from light petroleum, sub- 
limed at 100°/0-1 mm, and finally recrystallised, giving white crystals of 1: 2: 4-triphenylbenzene, m. p. 
108°, undepressed by admixture with material obtained from the polymerisation of penylacetylene. 


The authors are indebted to their colleague, Mr. H. P. W. Huggill, for the suggestion for the synthesis 
of the tripheny!benzene 


Cusmicat Inpustaies Lrp., 
Hexacon Mancwester, [Recetved, September 28th, 1949.) 
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17. The Constituents of Natural Phenolic Resins. Part XXII. 
Reduction of Some Lactonic Lignans with Lithium Aluminium 
Hydride. ‘ 

By Kosaxt D. Haworts and 
The configuration previously assigned to (—)}-matairesinol and (—)-hinokinin has 
heen f reduction with lithium aluminium \pydride to optically active diols, (+)- 


womatairesinol has a “ cis-' configuration and gives a mesediol on reduction. (—)-Conidendrin 
dimethyl ether has been reduced to ( + )-tsolariciresinol dimethyl ether 


Tue introduction of lithium aluminium hydride as a reagent for the conversion of lactones into 
diols (Nystrom and Brown, /. Amer. Chem. Soc., 1948, 70, 3738) suggested several applications in 
the lignan field, and the present communication describes a number of ctmetnencat relations 
which have been established or confirmed by the use of this reagent. 

The conversion of dimethyl ether (I) into (= dimethyl 
ether (I1) was reported in an earlier paper (/., 1937, 384), and the reverse change has now been 
realised by the use of lithium aluminium hydride in ether—benzene, thereby confirming the 
close stereochemical relation of the two lignans. 


CH, CH, 
H-CHYOH 
CHCH,OH 
cH 


JoMe ~ 
OMe Me 

In earlier communications (/., 1938, 797, 1985; 1939, 154, 1054; 1940, 1008), evidence was 
brought forward suggesting that (—)-matairesinol (111; R OH, R’ OMe) has a “ trans-” 
configuration, and the corresponding “ cis-"'arrangement was assigned to (+ )-isomatairesinol, 
These conclusions have now been confirmed by the reduction of (—)-matairesinol dimethyl 
ether (III; R = R’ « OMe) and (+ -)-tsomatairesinol dimethy! ether into the (—) and meso- 
forms of 1: 4-di-(3 : 4-dimethoxryphenyl)-2 : 3-di(hydroxymethyljbuiane (IV; Ro R’ OMe), 
respectively. In the same way (—)-hinokinin (IIT; RR’ « CH,O,) has been reduced to (—)- 
1: 4-di-(3 : 4-methylenedioxyphenyl)-2 3-di(hydroxymethyl)butane (IV; RR’ CH,O,), identical 
with “ dihydrocubebin ” (Bruchhausen and Gerhard, Ber., 1939, 72, 830), thus confirming the 
previously advanced for (—)-hinokinin. 

cH, _ 


cH, 

K 


Several attempts to reduce the synthetic dilactone (V) (/., 1044, 535) have been made; so 
far we have failed to isolate crystalline material, but this synthetical route to pinoresinol di- 
methy! ether is still ander investigation. 


EXPERIMENTAL. 


(+)-isol aricivesinol Dimethyl Ether (1).—Cold solutions of (—)-conidendrin dimethy! ether (1 g.) 
in benzene (40 cc.) and of lithiom aluminium hydride (0-5 g ) in ether (40 c.c.) were mixed and allowed to 
react for 2 hours, during which a white gelatinous precipitate separated. The bulk of the solvent was 
reduced to about 40 c.c. by distillation under reduced pressure, and the precipitated metal alkoxide 
decomposed by careful addition of dilute hydrochloric acid. The benzene layer was washed twice with 
water, dried (CaCl,), and evaporated to dryness. The product ((-85 g.) — from aqueous methyl 
alcohol in colourless needles, m. p. 167—-168°, [aff + 18° 18272 in chloroform) (cf. /., 1937, 384; 
m. p. 166-167", (aff + 20° in chloroform) Anhydrossolariciresinol dimethyl ether, obtained 
heating the above diol (1) (0-2 g.) with potassium hydrogen sulphate (0-4 ¢ ) at 180° for § hour, cry’ 
lised from methyl! alcohol in colourless prisms 13 m. p. 1467-—148", — 33-9" {c, 63840 in 
acetone) (cf J., 1937, 384; m. p. 146—147", [a]? — 33-4" in acetone) 
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4-dimethonyphemyl) - 2. (IV; R = OMe).—(—}* 
Matairesino! dimethyl ether (1 ¢) in benzene (3) and lithium aluminiam bydride (0-5 g.) in ether 
(30 c.c.) were allowed to react for Z2bours. The volume of the solvent was reduced by distillation, dilute 
hydrochloric acid was added, and the product from the washed and dried benzene layer was crystallised 
from methy! alcohol containing a little ether in colourless prisms (0-88 g.). m. p. 119-—120", — 29-6" 
4380 in chiorotorm) (cf 1939. 1054; m. p. 121-122", 26-2° in chloroform). (—)-3: 4 

obtained by heating the above diol (0-15 g with potassium 
hydrogens sal te (0-3 g ) at, 180° for § hour, separated from methyl alcohol in colourless prisms (0-11 ¢.}. 
m 117118", — 545° 0-40028 in chiorsform) (cf. /., 1939, 1054; m. p. 118—119", 
~ 689 in chloroform) 

meso-l 4-dimethonyphenyl)-2 butane. —-( +)-isoMatawestnol dimethyl 
ether in benzene (5 was treated with cold lithium aluminium hydride (6-05 in ether (5 
¢c}. After 2 hours the volume was reduced by distillation under reduced pressure, and dilute hydro- 
chioric acid was added. The product, isolated from the benzene layer, crystallised from methyl alcohol 
in colourless prisms (0-79 p. (a) (c, ©1861 in chloroform) (Pound: C, 67-5; H, 7-6. 
requires C, 67-7; 77%). 

moso-3 4 Di-(3 tetrahydrofuran, obtained by heating the meso-diol (0-06 g) with 
potassium hydrogen “yore (0-12 g.) at 180° for 0-5 hours, separated from: methy! alcohol in colourless 
prisms (0-05 m p. 114-115", (a) O° (¢, 60-0886 in chloroform) (Found: C, 70-8; 7-7. C,,H,,O, 
requires C, 70-0; H, 76%) 

Hinokinia (1 g) in benzene (50 cc.) was mixed with a solution of lithium aluminium hydride (0-5 «) in 
ether (S0cc}. After 2 hours, dilute hydrochloric acid was added, and the diol, isolated from the benzene 
layer, separated from ether—light petroleum (b. p. 60-80") in colourless needles (0 93 m. p. 
le (¢, 08476 in chloroform) (Brochhausen and Gerhard, lec. give mp. 104", [a — 30-6" in 
chiorotorm). (—)-3  &De(3 tetrahydrofuran, formed by heating the above 
dio! (0-2 g) with potassiom hydrogen sulphate ((-4¢.) at 180° for 4 hour, was distilled at 0-5 mm. (bath 
temperature, 280-300") and crystallised from ether—light petroleum (b 60-90") in colourless prisms 
(O14 g), p. (a) — (c, O-1716 in chloroform) (Found: C, 70-6; H, 
requices 70-6: H, 5-9%) 


Or thanks are due to the oo pee of Scientific and Industrial Research for a maintenance grant, 
and to Messrs. Imperial Chemical Industries, Limited, for a grant for the purchase of materials 
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18. Experiments with Diazomethane and its Derivatives. Part XV. 
Action of Diazomethane on 0-Quinone Monoximes. 


By Atexanper ScnOnperG and Witttam Awan, 


Reaction of the monoximes of phenanthraquinone, retenequinone, and chrysenequinone with 
diazomethane or diagoethane leads to oxazole derivatives Oxazoline derivatives corresponding 
to the intermediate (I) were found in the case of acenaphthenequinone monoxime, 
triketoindane-2 oxime, and 2-oximuno-3 3-diphenylindan-l-one 

A scheme is advanced showing the similarity of the action of diazomethane on diketones, 
o-quinones, @-keto-lactones, c-quinone imines and monoximes, ketomethylene derivatives. 
and thiourea 


Very little is known about the action of diazomethane on o-quinone monoximes. It is stated, 
however, that oximinocamphor (stable or unstable form) gives, with diazomethane, the N-methyl 
ether (Forster and Holmes, /., 1908, 98, 247). 

When pheuanthraquinone monoxime was treated with diazomethane, phenanthroxazole 
(Ila) was obtained by loss of water from an intermediate product (I), which was not isolated. 
The action of diazoethane led to 2-methylphenanthroxazole (ITb) 


OH 
N 
CHR 
1 (ie; Re H) (1b; R & Me 


Diazomethane with retenequinone monoxime yielded reteno-oxazole (II]a or b; R = Me, 
K’ « Pri, R™ « H), the ancertainty being caused by lack of knowledge of the position of the 
oOximino-group present in retenequinone monoxime. Diazoethane similarly yields 2-methyl- 


NOH CHRN, 
; 
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reteno-oxazole (IIIa or b; R = Me, R’ = Pr’, R” «= Me). The products (III) are identical 
with those previously obtained from retenequinone imine, Schénberg and Awad (/., 1047, 651) 


(ie “ve. 


pointed out the uncertainty concerning the structure of reteno-oxazoles, but defined it incorrectly 
in formule (IT)—(IV) of that paper. 


OH 


4 Nc=N-OH 
H cn 


CHR rh “Ph 
(Va. (Vie; R (Vil) (Villa: R HL) 
(Vb; R (Vib. R Me) (Ville, R Me} 


Diazoethane and chrysenequinone monoxime similarly give the 2-methyichryseno-oxazole 
(IVa or 5). 

Diazomethane and acenaphthenequinone mosoxime or triketoindane-2 oxime give 3-hydroxy- 
acenaphthyleno(7’ Sjoxazolime (Va) or 3'-4 : S)oxazoline (V1a). 
(Va) and (Via) are pale yellow substances. They contain no methoxy-group and only one active 
hydrogen atom (Zeisel’s method). Acid hydrolysis of (Va) gives acenaphthenequinone, probably 
owing to the oxidation of the intermediate 1; 2-dihydroxyacenaphthylene. (Vla) similarly 
yields triketoindane hydrate (ninhydrin), The results of hydrolysis make it improbable that 
the heterocyclic rings in (Va) and (Vila) can be replaced by (VII), since such substances are not 
expected to be hydrolysed in acid to acenaphthenequinone and triketoindane which would 
necessitate the rupture of a C~C linkage. According to Wanag and Lode (Ber., 1939, 72, 49) 
triketoindane 2-oxime is to be formulated as 2-nitrosoindane-1 : 3-dione but in our opinion its 
pale yellow colour is not in agreement with this hypothesis. (V5) and (VI+) were obtained by 
use of diazoethane. 


—~-CH-NHR 
AM, 


+ N, 


A 


CNH, 
i + ou 
(XIle) 


“CR” ¥ ‘cate uit CMe 
\C=0 
—> | —> i} CH, + Ny 
AZO A-O 
(Xe) 
N 
RK 
\C=N—R 
| N=N —> CH, + 
C=O fot 
Xa.) (Ne) 
CH--NHR 
Axo cH, A 
o" 
H S=C—NH, ANH, 
NH, NH, 
(XIla) 
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The action of diazomethane on 2-oximino-3: 3-diphenylindan-l-one yielded 3-Aydrosy- 
: 3-4: Sioxacoline (Villa), a pale yellow substance containing one 
active hydrogen atom; with diazoethane the 2-methyi derivative (VIII4) was obtained. 

The formation of five-membered ring compounds by the action of diazomethane and its 
derivatives on 2-dliketones, o-quinones, a-keto-lactones (cf. IXc), o-quinone imines 
and monoximes (cl. Xa Xe; K « H or OH), ketomethylene derivatives (cf. Xla X14}, 
and thiourea (cf. XIla ——» XIle) may all be regarded as proceeding according to the same 
scheme, i.«., addition of diazomethane to the >C—O, >C—N-—, >C—C<, or >C=S group 
(cf. [Xb and Mle, Xb, X1b, and XI1b), followed by the elimination of nitrogen. 


HPh<N 


For the action of diazometharic on 1 : 2-diketones, o-quinones, coumarandiones, and thio- 
coumarandiones see Biltz and Pactzold (Annalen, 1923, 483, 71), Arndt, Amende, and Ender 
(Monatsh., 1932, 68, 202), Piewer and Hartwell (/. Amer. Chem. Soc., 1935, 57, 1479), and 
Schénberg, Moubasher, and Mostafa (/., 1941, 348). For the action on quinone imines (Xa; 
K « H) see Schénberg and Awad (loc. cof.); the products actually obtained (¢.g., [la in the case 
of phenanthraquinone-imine and diazomethane) are oxazole derivatives formed by dehydro- 
genation of the intermediate products (¢.g., XIII, but with H replacing Ph). Reaction (Xa ——> 
Xe; KR « OF) is described in this paper. For (Xla——»> XId) see Schénberg, Mustafa, and 
Hilmy (/., 1947, 1946). For the formation of (XIlc) see King and Miller (J. Amer, Chem. Soc., 
1949, 367), who however do not discuss the formation of (XITA). 

In connection with the synthesis of the phenanthroxazole derivatives, we have obtained 
2-pheny!phenanthroxazole (11, K « Ph) by the action of benzyl cyanide or deoxybenzoin on 
phenanthraquinone imine. In the case of benzyl cyanide the reaction is believed to proceed 
according to to the scheme above, and a similar one is proposed for the action of deoxybenzoin. 
The dehydrogenation required in the last step may be due to the oxidation by atmospheric 
oxygen or a second molecule of phenanthraquinone imine (Schénberg and Awad, loc. cit.). The 
action of p-nitrobenzy! cyanide leads to the formation of 2-p-nitrophenylphenanthroxazole. 


EXPERIMENTAL. 


The ethereal solution of diazomethane (diazoethane) was prepared according to Org. Synth, Vol. 15, 
p.3 1918 Lees) 

Achon of Diasomethane on —(a) Phenanthraquinonse monoxime (Gokischmidt, Ber, 1883, 16, 
2178). The oxime (0-4 g.) was saspended in ether aod treated with an excess of ethereal diazomethane 
as usual for 6 hours. The solution was evaporated to dryness im vacuo, and the residue recrystallised 
from methyl! alcohol, phenanthroxazole (Ila) was obtained in light-yellow crystals, m. p. 152° (Found : 
©, 81-8; H, 40; N, 64, Cale. forC,,HJON C, 82-2; H, 41; N.64%). A mixed-m. p. determination 
with phenanthroxazcle prepared according to Schénberg and Awad (ioc. cit.) gave no depression; both 
— Ps gave the same colour with concentrated sulphuric acid 

Retenequinone monoxsime (Bamberger and Hooker, Annalen, 1895, 299, 102). Reteno-oxazole 
(Illa or Ro Me, Prt, recrystallised from methyl! alcohol in yellow crystals, m 
sressed on admixture with an authentic specimen (Schonberg and Awad, joc. est.) (Fou 
82-7; H,@1; N,&2. Cale. for C,H,,ON: C, 82-9; H, 62; N, 

ic) Ae monorime (Francesconi and Pirazroli, Gaz 1903, 33, 1.36). 3-Hydrory- 
acenaphthylen: 7. 8-4: Sjosasoline (Va) recrystallised from methyl alcohol in yellow crystals, m. p. 163°. 
It gives a yellowish-orange colour in concentrated sulphuric acid, is insoluble in concentrated aqueous 
hydrowide solution. and sublunes im boiling ethyl cinmamate bath) (Found: C, 73-4; H, 
43 , O8, active H, O58, OMe, nil, C\yH,O.N requires C, 73-9; H, 43; N, 6-6; one active H, 
47% 
2 3 3-diphenylindan-| ome (Koelech and Le Claire, /. Org. Chem., 1941, 6, 531). 
diphenyiindenc 2’: azolime (Villa) recrystallised from methyl alcohol in 
light-yellow crystals, mp. 178" (Pound H, 45) active H,O3. requires 
C, @7; H, 33; N, 4 one active H. 3%). It gave a yellowish-orange colour in concentrated 
sulphare acid 

(e) Tritetoindane 2-onime (Teeters and Shriner, Amer Chem. Soc , 1933, 56, 3026). 3-17 
Sjomazoline (Vla) was obtained in a way similar to that desc nibed previously, 
after the addition of the diazomethane solution a green deposit was formed which was filtered < a 

lisation twice from ethy! aloohol (06%,) and then from methyl! alcohol, yellow crystals of (V1a) 


NH 

WON ij —> || JCHPh —> |} ern 

(X11) 

j 

j 

' 

H 
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were obtained. having m f 247° (to a reddish-brown meit ; sing before melting) (Pound C, 63-4. 
H. 40; N, 7-87; OMe, nil. requires C, 63-5; H.3-7, 74%). It gave a yellowish-orange 
colour with concentrated sulpharic acid 

Hydrolysis of 3-Hydroryacenaphithylenc-cxaroline.-The substance (0-2 g) was dissolved in hot 
methyl alcoho! (10 ¢.c.), and then concentrated hydrochloric acid (10 was added. The mixture was 
refluxed for 2 hours and left to cool; the brown precipitate recrystallised from glacial acetic acid in 
yellow crystals which proved to be acenaphthenequinone, the m. p being undepressed on admixture 
with an authentic imen, both samples gave the same colour with concentrated sulphuric acid 

Hydrolyss of (V1a).—The substance (Via) (1 g.) was dissolved wm glacial acetic (15 ¢c.), and an 
— volume of concentrated hydrochloric acid was added. The. mixture was refluxed for 4 hours 

¢ solution was evaporated under normal pressure till a solid began to appear, and then cooled and 
filtered. The product was impure ninhydrin, as it gave a violet colour on the skin in the presence of 
water The substance when treated with concentrated sodium hydroxide solution gave the blue colour 
reaction of ninhydrin 

Action of Diazocthane on Oxwmes.—ia) Phenanthraquinone monosume The oily residue obtained after 
the ether had been distilled off was cooled and scratched, with a little dilute methyl alcohol, it solidified 
to a brownish amorphous mass, which crystallised from methyl! alcohol in light-yellow crystals, mp 145°, 
undepressed on admixture with an authentic specimen of 2-methyiphenanthroxazole (11)), prepared 
according to Schénberg and Awad (loc cit.) (Pound: C, 826; H, 48; N,&7. Cale forC,,H,,ON> C, 
82-4: 47; N, 60%) 

(b) Retenequinone momoxime 2-Methylreteno-oxazole (111; R= Me, R’ « Pr', R’ Me) recrystallised 
from dilute methyl aleoho! (80%) in light-yellow crystals, m. p. 135°, undepressed on admixture with 
an authentic specimen prepared according to Schtaberg and Awad (icc. ct.) (Found: C, 834, H, 6-7; 
Cale. for CH,,ON 83-0: H, 66, N, 48%) 

Chryse mone monoxseme (Graebe and Honiugsbe Annalen, 1900, B11, 272). 2-Moethyil- 
chrysencosazole or 6) recrystallised from methyl alcoho! in yellow crystals, mp. ca, 223° (Found ; 
C, 84-9; H, 49: 45. ON requires 84-8, 46; N, 49%) 

Acenaphthenequinone monosime 3-H Sjowarolime (Vb 
recrystallised from methyl alcohol in yellow crystals, m. p. 93°, and gave an orange colour in concentra’ 
sulphuric acid (Found: N, 6-4; active H,@-48. C,.H,,.O,N requires N. one active H, 0 44%) 

(e) 2-Oximumo-3 : 3-diphenylindan-l-ome. 3-Hydroxy-\" : 5)- 
oxazoline (VIIL4) crystallised from methyl alcohol in yellow crystals, m. p. 152° (Pound: C, 8-7; H, 
56, N,39 goto requires C, 80-9; H, 5-6, N,4-1%). It gave an orange colour with concentrated 

uric acid. 

(f) Triketowndane 2-onime. 3-4: Sjowazoline (V1Ib) crystallised 
from methy! alcohol in yellow crystals, m. p. 160°, insoluble in cold sodium hydroxide solution (Found ; 
C, 669. H, 4-5. requires C, 65-0; H, 44%) 

Action of (a) Benzyl Cyanide, (b) Deowybenzoin, and (c) p-Nutrobensyl Cyanide on Phenanthraguinone 
Imone.—-(a) The imine (0-5 g.) and benzyl cyanide (0-3 g.) in anisole (5 c.c.) were refluxed for | hour, after 
which the anisole was evaporated off. The residual brown oi] was cooled in an ice-salt mixture and 
triturated with alcoho! (08%) at that temperature, whereby a yellow solid was formed. The product 
(11, K « Ph), crystallised from ethyl! alcohol, had andl 202°, undepressed on admixture with an 
authentic specamen of 2-phenylphenanthroxazole prepared according to Stein and Day (/. Amer. Chem 
Soe., 64. 2567) (Found : C, 85-1, H, 45; N,4@6. Cale. forC,, HON: C, 85-4, H, 44; N, 48%). 

(b) The reaction was carried out as above, and hroxazole produced, after crystal. 
lisation from ethyl alcohe], had m. p. 202°, undepr on admixture with the product obtained in (a) 
(Found: C, 85-4; H, 48; N,4 

(c) p-Nutvobenzyl cyanide. The reaction was carried out as in (a) with the imine (0-5 g.) and p-nitro- 
benzyl cyanide (0-5 g). 2-p-Nitrophenylphenanthroxazole RK = p-NOy obtained on cooling 
the mixture was crystalli from chloroform as yellow cr s,m. p 268° (Found: C, 741; H, 3-6. 
N, 78 Cale. for C,H ON,” C, 743, H, 3:5; N, @2%). Schiedt (/. fr Chem, 1941, 167, 203) 
gives m. p. 272°. ‘ 
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19. The Physical Properties of Some Aliphatic Compounds. 
By S. A. Momporp and J. W. C. Puictips. 


Measurements are reported of the densities, refractive indices, surface tensions, and 
viscosities, at 20° and 25° whenever practicable, of a number of aliphatic compounds of different 


types. 
The results are briefly discussed from the standpoint of the parachor thesis previously 
advanced (/., 1929, 2112). 


Is the decade following publication of a paper on the evaluation and interpretation of parachors. 
U., 1929, 2112) the authors undertook, as opportunity arose, the determination of the surface 
tension and other physical properties of a number of aliphatic compounds, with the object of 
obtaining further evidence in support of the thesis then advanced, namely that the CH, parachor 
increment of 39 units originally adopted by Sugden (/., 1924, 125, 1177) was too small and_ 
should be replaced by one of 40 units, and that constitutive deviations from parachor additivity 
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could be aceounted for by the systematic introduction of “ strain constants." The investigation 
was interrupted by the war, and as circumstances have since arisen which make it impossible 
to resume the collaboration, it has been thought desirable to place on record the results obtained 
up to 1939, 

r The origina! aim of the investigation was twofold: (i) to obtain a representative value for 
the CH, increment by examining the average parachor increase over a considerable CH, interval 
in a number of different aliphatic series; and (ii) to obtain more detailed information on the 
magnitude of the parachor defect associated with accumulation of negative groups in a molecule, 
particularly on one carbou atom. With the first object in view, a series of m-hexadecyl 
compounds was prepared, and their parachors, determined at uniform temperature as far as 
practicable, were compared with those of the corresponding m-buty! derivatives. Later, 
examination was made of a number of intermediate members in some of the series, to check the 
atomic or group constants concerned. The second aim of the investigation involved measure- 
meat of the parachors of a number of polyhalogenated hydrocarbons, ethers, and sulphides, and 
of a series of alkyl mono, di-, and tri-chloroacetates, and aw-dihalogeno- and -di- 
carbethoxy-alkanes. 


EXPERIMENTAL. 


Many of the compounds were purified from commercially available materials (generally from Messrs. 
British Drag Houses or Schering-Kahlbaum). As regards the others, the methods of preparation 
employed were those in general use. Thus, the w-alkyl halides were ste from the correspondin 
purtied alcohols by treatment with the requisite phosphorus halide. (In the case of the »-amy 
compounds, the alcohol was synthesised from purified m-butyl bromide, which was also the starting point 
for the preparation of synthetic #-valeric acid.) The chlorinated esters were obtained by esterification 
of the appropriate acid with the requisite purtiied alcohol, and the alkyl 2-chioroethy! ethers by the action 
of methyl! or ethyl sulphate on ethylene chlorohydrin. 2: 2°-Dichlorodiethyl ether was prepared in a 
manner analogous to that ased by Kamm and Waldo (/. Amer. Chem. Soc, 1921, 43, 2223), and penta- 
chlorodiethy! ether by treating the condensation uct of chloral and ethylene chlorohydrin with 
phosphorus pentachloride (Henry, Ber, 1874, 7, 763). Tetra- and penta-methylene dichloride were 

pared from adipamide and piperidine, respectively, by the metaod of von Braun (Ber, 1905, 38, 2340; 

O06. 38. 411%) he n-alky! sulphides were obtained by the action of sodium sulphide on the appropriate 
alky! bromite, and 2-chlorodtethyl sulphide by the action of thionyl chloride on the condensation product 
of sodium thioethoxide and ethylene chlorohydrin (Mayer, Annalen, 1877, 240,310). All the products 
were purified to constant properties by repeated fractionation through a Young column. The preparation 
of the »-hexadecy! compounds and of the polychlorinated sulphides has already been reported (J., 1931, 
1732; 1929, 535) See also Nec. Trav. chim, 1933, 68, 175, fat. and /., 1934, 1657 for the preparation 
of the higher ethy! esters, alcohols, and acetates 

Refractive indices were measured, at 20° whenever possible, with a calibrated Abbé refractometer 
The other physical properties were determined at two temperatures (20° and 25° where practicable), the 
values quoted being the means of at least two determinations, made with different apparatus, at each 
temperature. The densities were deterinined with water-<alibrated specific-gravity bottles, all weighings 
heing reduced toa vacuum, the surface tensions were measured by Sugden's modification of the maximum 
babble-pressare method (/., 1922, 121. 860), using bubblers calibrated with pure benzene (fp. 5-5", 

1G012), taking dynes'cm the viscosities were determined in 


b. p. 8TH), 
«mall Ostwakd-type viscometers conforming in general characteristics to the standards laid down in 
Hiritish Standard Specification No. 18%-—1929, and calibrated with water and ‘or standard sugar solutions. 


Resucts. 
B. p. 

(760 mim. Surtace Vis- 
except tension cosity 
where (dynes (centi- 

Compound. stated), 4. a>. cm.) poises). 

2. &-Dimethylbexane 100-2" 6-6004 1-3933 485 

66959 . 2 0-456 

Decane . 173-3 ©7307 14116 
©7270 — 

Hexadecate ©7746 14350 


» Hexadec . 7825 


n-Propy! chloride , O-S890 13900 

Butyl chioride . 14021 

sseButyl chloride S780 13078 
O-S725 - 


o 


ee 0606 Whe 


. 
f 609 310 
21 mm 7792 6588 2-76 
20% 191-6 
191-5 © 337 
2304 0-450 
230-2 0-427 
25-42 228-1 6-457 
228-1 0-431 
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B. p. 
(760 mm. 

except 

where 
Compound. F. p. stated). 
#-Amy! chioride 


4 
8785 
8659 
6-8612 
O-8745 
O-8759 
O-8715 
8735 
8685 
1.4283 
-- 
O-8649 14405 
— 
1.4165 
0 9200 
11066 15246 
10903 1-539! 
14612 14242 
14515 
13006 14251 
13017 
12758 1-4397 
1-2687 
1 2641 
1-2568 
1-219 
1-2132 
11746 
1-160) 
m-Heptyl bromide 60-5 11406 

(17 mm.) 1-1352 
#-Octyl bromide - 202-2 20 11126 
1/1077 
09902 
9952 
1 
1-9253 
17478 
1-7385 
16150 
14301 
14326 
11226 
1 3283 
13191 
14802 14458 
147% 
1-5042 1-4603 
12527 14448 


tert.-Amy! chloride 
#-Hexy! chloride 
#-Hepty! chloride 
n-Octy! chloride 
sec.-Octyl chloride 
»-Hexadecy! chloride 
Allyi chloride 
Chiorobenzene 
Benzyl chloride 
Ethy! bromide 
tsoPropy! bromide 
#-Butyl bromide 
isoButy! bromide 
n-Amy! bromide 1294 


»-Hexy! bromide 146 


20° 
25 
20 
25 
20 
25 
20 
2b 
20 
25 
20 
25 
20 
20 
28 
20 
25 
20 
25 
20 
25 
20 
25 
20 
35 
20 
25 
20 
25 
20 
25 
20 
2 


n-Hexadecyl bromide 163 190 
(11 mm) 
Ethy! iodide 72-3 


n-Propy!l iodide 102-5 
Buty! iodide 

n-Hexy! iodide 

n-Hexadecy! iodide 

Methylene chloride 

Chieroform 


Carbon tetrachloride 


ES SR Sess SS s 


Surface Vie 
tension cosity 
(dynes; Para- (centi- 

R\p cm). chor. poises). 
302 26909 580 
2455 2697 0-647 
«62223 2674 
218 2673 0-560 
3467 «2615 «S102 O 743 
255 S100 0-606 
3933 «260 
2635 0-800 
43-93 2765 3801 1-23 
27:15 1-135 
“417 264 388-9 1-055 
25-9 380-1 «60-973 
-- 
20-56 23-7 1805) 
23.1 180-5 «606-331 
31-14 33-25 M441 
3265 244-1 0-756 
3606 3765 285-1 140 
36-95 2850 1-29 
194 165-2 0-307 
2345 1652 
2402 23-1 205-0 0-487 
22-5 20569 6463 
28-28 2646 430 0633 
2640 243-8 0-597 
2834 2475 241-5 0-637 
- 241 2417 
3293 2735 283-3 06-803 
265 2832 
37:57 323-7 1013 
2765 323-7 
42:16 286 3630 «61-20 
~ 363-1 «1-19 
4656 20-1 “30 
28-6 4030 
83-87 31-48 725-3 7-41 
3i4 725-3 676 
2421 2885 186-7 
28-2 186-7 «0-557 
28-85 20-2 226-1 6-735 
25-6 224-1 0605 
33-50 2925 2649 ©4877 
-- 28-7 50 
42-79 3025 3455 1-30 
20-75 345-7 1-285 
8907 324 7489 #843 
3240 7492 «47-27 
1629 286 147-1 6-437 
27:15 1470 ©6416 
21:36 27-2 183-1 0-566 
2655 1832 6-538 
2647 275 2195 
~ 215 2196 
2102 3245 1885 ©6829 
31-75 «(886 66-775 


Mumford and Phillips : 


Results (continued). 
B. p. 
(760 mm. 
except 
where 
Compound Pp. stated). 4 
1 3-Dichloropropane -- 


25 
1) @Dichlorobotane 20 


1408 
&-Dichloropentane 


25 11353 
Ethylidene dichloride 


10956 
11757 
11680 
14355 
15053 
15876 
16813 
16740 
1 S880 
13818 
1.2583 
12502 
12841 
12771 
4642 
14559 
1 6239 
161456 
2 1802 
2.1700 
1-On12 
1-9727 
7495 
O- 7448 
10522 
10461 
| 
11670 
12192 
12130 
1.3227 
13155 
1-5733 
15669 
09237 
00-9007 
OST OO 
8676 
0-8635 


1. 1: 2-Trichloroethane 


1:1) 2: 2-Tetrachloro- 
ethane 


2) 2-Penta- 
chlorvethane 

1:2: 3-Trichleropropane 

1: 2-Dichloroethytene, 

2-Dichloroethylene, 


trams 
Trichloroethylene 
Perchioroethylene 
1: 2-Dibromoethane 
1: 3-Dibromopropane 
Ethy! w-buty! ether 


Ethyl w-hexadecy) ether 


Methyl! 2-chlorvethyi 
ether 


2-Chlorodiethy! ether 


2-Dichlorodiethy! 
ether 


2. 2-Dichlorodiethyi 
ether 


1:2: 2-Trichloro- 
diethy! ether 


1:2:23:2: 2-Penta- 
chlorodiethy! ether 

Ethyl! formate 

Ethyl! acetate 

Ethyl butyrate 

Ethy! valerate 

Ethyl! hexoate 


Ethyl octoate 


SSSS SS SS ES EE SS SS SS EE EE SS EE SS ES SS 


Surface Vis- 4 
tension cosity 3 
(¢dynes/ Para- (centi- 
cm). chor. poises). 
14483 25-52 334 2297 1034 
14549 3020 348 2704 143 
14566 3487 35:3 3123 1-815 
-- — 36 3121 1-655 
14167 2115 26-75 187-7 0-490 
— 261 187-7 0-465 
liad 14715 25-87 33-75 22209 1419 
- $30 222-7 1-10 
1464 14940 30-62 356 2569 1-765 
— 349 2569 1-615 
160-5 15030 35-57 3465 201-7 2-58 
— $3385 2015 2-23 
156-0 14834 3035 378 2633 2-505 
37-05 2632 2-23 
454 264 1746 06-423 
. 253 1747 0-400 
60-4 233 174) 0-474 
~ 2765 1740 0451 
14775 25-38 296 2001 06-566 
245 862001 «66-532 
121-2 15055 3033 321 243-2 6-891 
15385 26-98 35:55 215-1 1-73 
- 382 6215-2 160 
1662 15230 31-13 401 2564 207 
a — 394 2564 1-90 
920 13820 31-71 20-75 2908 6-421 
2025 20-8 06-397 
195 1450 8606 294 7693 612 
(21 mm.) — 28:05 7693 5-25 
90-3 14108 22-30 2925 2089 06-4633 
pan 28.5 208-7 6-591 
1084 14118 27:12 2745 2496 0-730 
26-9 2408 0-677 
14418 3240 298 286-2 1-285 
(27 mm.) . 291 2360 1-165 
i779 14573 3195 376 2004 241 
37 200-7 214 
PF 62 14648 37-07 328 3210 2-46 ; 
(13 mm.) - $22 3213 318 
16025 4625 389 391-1 936 
(12-5 mm) - 38-3 3910 783 
13599 1769 238 177-1 6-402 
- 2315 177-2 
a 17-15 13728 22-26 23-95 2163 0-452 ; 
23-3 «62163 6-425 
13022 3145 246 296-1 0-672 
~ — 240 2940 0-627 ; 
M451 14005 36-09 254 333-8 0-821 
- 2485 333-5 0-783 i 
167-0 14072 4072 20 3734 1024 
2545 3733 0-948 
— 14180 5001 27-2 4532 1-58 
- — 75 4534 1-44 
| 
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Compound. 


ny. 
Ethyl nonoate 14219 


Ethy! laurate 14310 


Ethyl myristate 14363 


Exhby! palmitate 
823-2 (13-44 


Ethyl! margarate a 25-2 200 
TryllS (10mm) 


Me‘hy! acetate 
#-Propyl acetate 101-6 
Butyl acetate 

stsoButy! acetate 

acetate 

n-Hexy! acetate 

w-Octyl acetate 

#-Hexadecyl acetate 

Ethyl malonate 

Ethyl] succinate 


Ethyl! adipate 10076 


1.0034 
O-O783 
06-9732 
0-92 
0-9631 

1 0082 
10037 

06-9703 
0-008 
140468 

1-1392 
11325 
12345 
1-228) 

11510 
11446 
1-1038 
1.0977 
10707 
1.0652 


Ethyl suberate 
Ethy! azelate 
Ethyl! sebacate 


Ethyl ethylmalonate 


Ethyl s-butylmalonate 

Ethyl #-hexadecy!- 
malonate 

Ethy! benzoate 

Ethyl! chloroformate 

Methyl chiloroacetate 

Ethy! chloroacetate 

#-Propyl chioroacetate 

Butyl chioroacetate 


2 
25 
20 
25 
25 
25 
Be 
20 
25 
20 
20 
25 
20 
25 
20 
25 
20 

35 
20 
25 
20 
25 
20 
25 
20 
25 
20 
25 
20 
25 
20 
25 
20 
25 
20 
25 
20 
25 
20 
25 
20 
24 
20 
25 
20 
25 
20 
25 
20 
25 
20 
25 


79 
REsULTs (continued). 
B. p. 
(760 mm. Sarface 
except tenston cosity 
where (dynes’ Para- {centi- 
[Rip cm). cher poiws). 
493-6 «61-05 
23 mm 2735 4693-8 1-77 
6847 2905 3:36 
7780 299 685-5 407 
©8568 14380 8710 2905 7762 578 
8535 29-5 7762 +08 
1458 91-04 2965 S173 5815 
13614 17-56 176-9 «606-385 
OS87T4 13844 2602 246 256-2 ©5856 
©8706 13942 31-58 25-2 25-7 
©8745 13898 3145 237 2929 0697 
8695 23:15 2929 ©6651 
@-8753 14028 3626 25-8 35-1 
, 8707 2-25 3351 
8726 1.40906 4089 2655 3749 1-17 
- 260 3749 «#61075 
©8681 14193 S011 27-4 4555 185 
27-3 455-7 «#168 
©8611 14408 8714 805 
8577 — 7789 675 
10547 14139 37-93 310 360-8 215 
im“ -- 313 30-8 
14402 14200 42:33 31-40 307-8 2-81 
10353 313 3078 248 
14272 51-53 32-5 47900) 
320 
283 14325 6081 32:75 MOR 474 
—198 172 14344 6540 3285 606-7 532 
(18 mm.) 3235 6009 465 
+165 186 14364 70-15 330 6426 6-96 
(18 mm.) 3245 6425 
-- 208-2 14164 4656 2958 241 
201 4554 215 
_ 239-0 1-4226 5642 21 5150 347 
— 2855 5150 302 
241 14443 11204 31-46 9983 
£251 (#5 mm) 6148 
212-2 15051 41-56 354 349-7 2-22 
- 9246 13952 22-84 26-1 215-3 0-457 
~ 25-45 2152 
-- 129-6 14214 22-31 35-2 1-443 
mS 2141 «1048 
1431 14212 2700 3240 253-2 1-196 
-- 3135 «62533 1006 
162-9 14253 31-65 21-7 150 
_ 3035 «62919 «41-365 
181-7 14201 3626 304 330-2 «#4171 
ome 20-8 3302 1-55 


Mumford and Phillips : 


ResuLts (continued). 


B. p. 
(766 mra. 
eucept 
where 
Campound. F. p. stated). 
Methy! dichloroacetate 


4 
41-3786 
13712 
2804 
12734 
12244 
11841 
1-1783 
14870 
1-384) 
13773 
1 3187 
13123 
12736 
12674 
1-1556 
13584 
13520 
1.4570 
14504 
1-4329 
1-4262 
11044 
10904 
(8367 
8316 
O 
10758 


Ethyl dichloroacetate 157-3 
» Propy! dichloroacetate 175-7 
» Butyl dichloroacetate 
Methyl trichlorvacetate 
Ethyl trichloroacetate 

»- Propy! trichloroacetate 

»- Buty! trichloroacetate 

2-Chioroethyl acetate 


2-Chloroethy! chloro- 
acetate 

2-Chloroethyl dichloro- 
acetate 

2-Chloroethy! trichloro- 
acetate 

Ethyl £-chioropropionate 


Diethyl sulphide 

Di-n-batyl sulphide 
Dissotuty! salphide 
Dissoamy! sulphide 


2-Chlorodiethy! 
sulphide ; (20 mm.) 
2: Dichlorodiethy! ‘ 107 
sulphide (15 mm.) 
2-Chioroethy! 1: 2-di- 107 
chioreviny! sulphide 15 mm.) 
2-Chioroethyl 1: 2: 2-tri- - 123 
chlorovinyl sulphide (15 mm.) 
1:1: 2-Trichloroethyl 122.5 
2-chlorovinyl sulphide (15 mm.) 
2: 2-Trichlorcethyl 134-5 
1: 2edichlorovinyl (15 mm.) 
sulphide 
1:23:2:2: 2’-Hexa- - 1585 20 16849 1-5683 
chlorodiethy! sulphide (15 mm.) 
1: 1°: 2; 2°: 2*-Hexa- . 150-5 16841 1-568! 
chlorodiethy! sulphide (15 mm) 
Heptachiorodicthy! (15 mm) 
sulphide 
Butyl cyanide - lal ©7993 
0-7952 
Hexadecyl cyanide 195 


12746 


14315 


15425 


15404 15661 


83 8 SRS ES SS SS ES ES ES US ES ES ES ES ES 


16293 


Surface Vis- 
tension cosity 
(dymes/ Para- (centi- 
cm). chor. poises). 
14424 2746 340 2504 1-546 
— — 3325 250-4 1-414 
14375 3215 31-35 200-1 1-460 
oe 375 203 146 
14402 3685 3065 3239 1-91 
— 91 38201 1-74 
14420 4134 301 3660 2-20 
— 25 3659 1-98 
14565 3246 330 286-0 1-65 2 
— $323 2858 1-69 2 
14501 37:17 308 325-8 1-72 
nail 30-2 325-8 1-57 
14507 4193 306 3664 2046 
14514 4643 30-55 4061 238 
q 4052 214 
14230 27062 336 255-3 141 
- 32-9 2555 1-46 
202-7 14624 31-79 41-5 2033 427 
0-8 2934 373 
2130 14738 36-91 39-8 3300 509 
301 3300 441 
- 217-5 14905 4190 373 3661 543 
- 1624 14253 31-463 31-65 293-2 1-625 
14425 2847 25-3 2416 0-446 
~~ — 27 2416 0-422 
188-1 14525 4707 27-35 3986 1072 
— 28 3995 0-995 
- 170-0 14471 47:16 251 3960 0-064 
— 26 395-0 0-880 
‘ 215-3 14531 5648 262 4730 1-525 
: — 25-85 473-2 1-395 
33-47 33:1 277-8 - 
38-36 427 3190 43 | 
j 43-01 409 33893 28 
4806 41-7 3723 39 
47-85 41-7 372-8 5-7 
5302 418 4062 65 
5766 43-45 4526 25-4 
5768 43-35 4525 20-4 
62:58 43-2 486-1 42-7 
25-06 276 2383 0-753 
— 371 238-4 0-706 
8-44 31-35 TITS 7-465 
— WA T175 655 
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RESULTS (Comfimued). 
B. p. 
(7 mm. 
except 
where 
Compound Fp. stated). 


4 
Amylamine 105-3° 


©1561 
©7519 
8053 
8016 
08102 
0 8066 
O-8146 
8202 
8265 
08232 
O-9585 
09537 
O- 9386 
O-9342 
06-9271 
0-9230 
0-9070 
0-0052 


n-Propy! alcohol - 
Buty! alcohol - 117-9 
tsoButyl alcohol 108-0 
a-Amy!l alcohol 137-5 
«-Hexy! aloohol - 156-6 
a-Hepty! alcohol 175-9 
n-Octyl alcohol 194-6 
n-Butyric acid 163-4 
«-Valeric acid 185-6 
Hexoic acid -~ 205-3 
»-Octoic acid 237-7 


w-Nonow acid 


25 
25 
20 
25 
20 
25 
20 
25 
20 
25 
20 
25 
20 
25 
20 
25 
20 
25 
20 
25 
20 
25 
20 


Discussion, 


The results obtained, given in the accompanying table, agree in general with those of other 
workers, and in particular with the recent data of Timmermans and his collaborators (/. Chim. 
Physique, 1926, 23, 747; 1928, 25, 411; 1930, 27, 401; 1932, 29, 520; 1934, 31, 85; 1935, 32, 
501, 589; 1037, 34, 693; cf. Roland and Lek, Bull. Soc. chim, Belg., 1931, 40, 177) and of Vogel 
(J., 1934, 333; 1943, 16, 637; 1946, 133; 1948, O07 ef sey., 1804 ef seg.). 

The only marked discrepancies occur with the surface tensions of the C,—C, alcohols, and 
one or two other liquids of high viscosity, where the capillary mse method used by these workers 
appears to give low and erratic results. The discontinuity in surface tension at C, in the alcohol 
series noted by Smith and Sorg (J. Physical Chem., 1941, 45, 671) has not been confirmed. 

In view of the incompleteness of the investigation, and of the recent extensive work of Vogel 
in the same field, little useful purpose would be served by detailed analysis of the results now 
reported. A few points, however, merit brief discussion. 

First, as regards the CH, parachor increment: The present measurements of parachor 
increase from C, to C,, in nine different aliphatic series support a mean increment of 40 units 
originally advocated in our earlier paper and now accepted by Vogel on the basis of his own 
data. It must, however, be appreciated that this is a representative average value, and that 
owing to slight variation of the exponent in the Kleeman-MacLeod relation, y « C(D — d), 
from compound to compound, the observed increment in any given case depends both on the 
temperature range of measurement, and on the particular series being examined and the number 
of terms considered. The parachor is, in fact, not strictly a constant, and only approximately 
homologously additive. 

The atomic and group constants previously evaluated on the basis of this increment 
reproduce satisfactorily the parachor data now reported, and would not therefore appear to 
require significant modification. Such constants are, not unnaturally, much the same as those 
recently put forward by Vogel on the same basis, as will be seen from the subjoined tabular 
summary of the more important values. 


Surface Vie- 
tension comity 
(dynes) Para. (centi- 
cm). cher, poises) 
14115 28465 25-15 25681 
465 2503 0-656 
13862 1753 23-9 1650 2-209 
23-5 1650 2015 
13902 22:13 248 Wel 2-08 
— 2635 2061 2-40 
13963 22:13 230 220 63-82 
22455 2019 3-26 
14103 2651 26 22439 3468 
215 433 
14174 31-35 2655 2826 532 
~- 2605 227 #52 
1-4238 35-06 27:25 3222 700 : 
26-75 3224 5-87 
1-4287 40:57 270 361-7 O13. 
13981 2218 268 2000 1-72. 
14085 2686 274 488 2-25 
— 2685 2687 203 
14162 31-44 2805 2882 322 
27-55 2862 2-87 
14279 40-70 «202 67-8 
28-7 3675 5-29 
124 254-0 14322 6533 207 4079 
| 29-2 715 


Mumford and Phillips : 


Atom or Group 
Hie 
i 
CN 


Om ethers 

S in selphides 

CO, in esters ... 

OH in alcohols 

M. 4 P. Mumford and pe 1eze (Table 1) 
Vv Vogel, 1968, 1 able XXII 


In the case of many atoms and groups (e.g., halogen, ethereal oxygen, cyanogen, etc.) the 
two sets of constants are indeed virtually identical, though with certain of the more complex 
groupings {¢.2.. phenyl, CO-O in esters) they differ by one or more units. Vogel's values are 
based on much more extensive data, but any resulting gain in accuracy would appear to be 
largely offset by the circumstance that each group value has been independently evaluated, and 
cannot be quantitatively computed by summation of its component atomic and structural 
constants. This applies, rather illogically, to the lower alkyl groups themselves in Vogel's 
system, in which the successive CH, differences from methy! to octyl are given as 40, 39-0, 39-8, 
397, 40, 40-7, and 40, respectively, one curious result of this being that the calculated parachor 
of, say, #-hexane, varies according to whether it is considered as n-hexyl + H (270-7), 
n-amyl + methyl (270-4), ‘n-butyl + ethyl (270°7), di-n-propy! (2710), 4CH, + 2 methyl! 
(2708), or OCH, + 2H (271-4), 

The decrement of 3 units previously noted as applying to branched-chain groups of the 
type “CHR, receives support from the parachors of the few tso-compounds now reported, and 
it is interesting to note in this connection that according to Vogel the parachor values of iso- 
and sec.-alkyl groups range from 1°5 (ssebutyi) to 4:1 (sec.-butyl) units lower than those of the 
corresponding #-groups. 

The well-defined parachor defect associated with accumulation of negative atoms and groups 
(X) around a central carbon atom would appear to depend to a rather greater extent than was 
originally surmised on the size and polarity of the atoms and groups concerned, but the parachors 
now reported, and other recently recorded data, confirm in general the carlier conclusion that 
for X « Cl, OEt, CO,Et, and for similar groups the decrement ("' strain constant *’) associated 
with ~CHX, groups may be taken as 3 units, with “CX, groups 6 units, and with compounds of 
the type CX, 9 units, within the limits of experimental error; and further, that for such atoms 
- and groups the more complex effect of accumulation on adjacent carbon atoms can be adequately 
estimated in the manner previously outlined. The depressive effect of negative accumulation 
on the parachor has been recognised by Vogel in his latest paper (loc. ctt.), but qualitative y only, 


and apparently without fuil appreciation of its applicability, for example, to esters C<O 48s 


in acetals CH< and of its occurrence to a varying extent in the chlorides and oxychlorides 


of phosphorus and sulphur, and in many of the esters of the inorganic acids (cf. Table VIII in 
our original paper) 

The general validity of parachors calculated in accordance with the scheme outlined in that 
table has received additional support from the measurements of Pearson and Robinson (/., 
1933, 1427) on sulphur hexafluoride, and of Dentugh and Whytlaw-Grey (/., 1934, 1346) on 
disulphar decafluoride. In both cases, allowing a “' strain constant,” due to accumulation, of 

~15 units per S" atom, and assuming that the valencies of the latter comprise two co-valent 
bonds and four “ singlet " linkages, the values obtained for the latter linkage (— 11°2 and —11-1, 
respectively) agree closely with similar values derived from other compounds, ¢.g., tellurium 
tetrachloride (—114; Simons, J. Amer. Chem. Soc., 1930, 53, 3488; with Te = 79) and 
phosphorus pentachioride (—105; Sugden, J., 1927, 1173). The “ strain constant” would 
here appear to connote the screening effect of the surrounding halogens on the central atom, and 
to be distinct from the defect attributed, following Sugden, to “ singlet ” linkages, which is 
presumably connected with the formation of bonds involving inner electron orbits, 

The need for assuming the presence of such linkages in compounds of this type, and of semi- 
polar double (" dative ") bonds in the corresponding oxyhalides and esters, can to some extent 
be avoided by assigning different parachor values to the central atom in its different valency 
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P valee. P value 

Atom or Group M. & P. Vv. M &P Vv. 

Cim CH, .. a6 9-3 

20 
Phenyl ........ 65-2 634 
Double bond 30-2 

6 Ring 75-2 737 
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States (cf. previous paper, p. 2125; also Sippel, Ber., 1930, 63, 2185; Buehler, ennessee 
Acad. Sei., 1931, 6, 27; Hunter and Samuel, Ree. Trav. chom., 1935, 54, 114). This procedure, 
however, does not eliminate the depressive effect of accumulation, and moreover leads to 
inconsistent and improbable atomic values for the elements concerned in their higher valencies 
Thus, according to Samuel (/. Chem. Physics, 1944, 12, 107) the atomic parachor of P* is 18° in 
POCI,, though only 11-0 in PCI,, whilst that for S", given as + 139 in SO,CI,, is, on the same 
basis’ (using Sugden’s value of 25 for F), —6°7 in SF,. So far as concerns the “ dative " bond, 
Vogel's conclusion that parachor data provide no evidence for the presence of co-valent double 
bonds in the esters and oxyhalides of sulphur and phosphorus, as maintained by G, M. Phillips, 
Hunter, and Sutton (/., 1945, 146), would appear to be well-founded (cf. Wells, /., 1949, 55). 

The view previously advanced, that the effective parachor walue of the hydrogen atom 
depends inversely on the electron affinity of the atom to which it is attached, has been discussed 
‘in some detail by Pearson and Robinson (/., 1934, 736) and supported and extended by their 
measurements of the parachors of the non-metallic hydrides (/., 1932, 972; 1934, 730, 880). 
Confirmation of the lower parachor value of H in OH groups has also been afforded by Vogel for 
alcohols and acids (/., 1948, 1814), though attributed by him to variation in the parachor of the 
oxygen atom, 

In the light of modern views on structure, a number of the interpretations of deviations from 
parachor additivity suggested in our previous paper require some modification, and the atomic 
and structural constants then put forward could doubtless be more precisely evaluated with the 
aid of the very considerable additional data now available. Taking the system as originally 
advanced twenty years ago, however, it may be noted that, of the 690 parachor values recorded 
by Vogel since Part 1 of his present series (/., 1034, 333), the difference between calculated 
(Mumford and Phillips) and observed parachors exceeds 2% 1n only 23 instances (¢.¢., 3% of the 
total), whilst for over 80% of the compounds the agreement is within 1%. 

Ihrect comparison with Vogel's system is not possible for the whole of this series, as his 
method of computation is not at present applicable to many of the complex esters, ete., 
considered in his earlier papers. Of more than six hundred compounds listed since Part VII 
of the series (J., 1943, 16), however, only 63 are not computable by the atomic and group 
constants given by Vogel in his latest paper, these including, inter ala, tert-butyl and amyl 
compounds, naphthalene derivatives, acetylenedicarboxvlic esters, aromatic feri.-amines, and 
a variety of polyhalogenated compounds. Exclusion of these, and the few compounds for which 
surface tension Jata are not given, leaves 527 compounds of a wide variety of types, whose 
parachors can be evaluated by both systems; when this is done, the following comparative 
analysis of results is obtained. 

between . and obs. parachors is 
System of evaluation. Within 0-5%,. Within 1%. Above 2%. 
Vogel's data (527 compounds). 
67-5 88:7 21 


Mumford and Phillips easienenes 529 85-5 17 


It will be seen that the overall agreement is not very different in the two cases, although 
Vogel's system gives somewhat closer reproducibility with a greater number of compounds. 
This is not surprising in view of the circumstance that his constants were derived exclusively 
from the data to which they are now apphed. In the following table a similar comparison is 
made with parachor data from the measurements of Timmermans and his collaborators (loc. cit.) 
and from the determinations reported in this paper, excluding in both instances such multi- 
branched and polyhalogenated compounds as cannot at present be evaluated by Vogel's system, 

Percentage of compounds for which the difference 
between calc. and obs. parachors is 
System of evaluation. Within 05%. * Within 1%. Above 2%. 
Timmerman’s data (126 compou 


55 
865 32 


63-7 89-2 30 
63-7 96-0 


The position is here somewhat different, the values calculated according to Vogel showing 
the smaller overall agreement. It would seem, therefore, that the employment of a multiplicity 


Vogel ..... 
Munford and Phillips 
Data from present paper (102 compounds). 
Mumford and Phillips ..................... 
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of independently evaluated and unrelated group constants is a refinement which over-estimates the 
precision of the parachor, and that there is much to be said for adhering to the scheme advocated 
im our original paper. 


Part of this work was carried out at a Ministry of Supply Establishment, and the authors thank the 
Chief Scientist of the Ministry for permission to publish the data so obtained. 


Pamiey. (Recewed, July 1st, 1949.) 


20. The Enzymic Synthesis and Degradation of Starch. Part VI. 
The Properties of Purified P- and Q-Enzymes. 
By 5. A. E. J. A. Wickinson, and S. Pear. 


Directions are given for the preparation of the phosphorylase (P-enzyme) and the cross- 
linking enzyme (Q-enzyme) of potato as stable, freeze-dried powders. The freeze-drying must 
be carried out in a citrate butler of pH 6—7, otherwise both enzymes are destroyed 

The purified P-enzyme (traction P2) contained no maltase and only traces of Q-enzyme or 


the normal amylases. It showed a slight phosphatase activity on glycerophosphate but not 
on glucose-1 phosphate 

The parified Q-enzyme (fraction 03) was substantially free from maltase, the amylases, and 

vhatase It contained a little P-enzyme, equivalent to 5% of that in the original juice. 

Fraction P2 has per s¢ no effect on the xiscosity of starch paste. ()-Enzyme, on the other 
hand, has a striking liquefying action. in the presence or absence of phosphate 

©-Enazyme has a strong accelerating effect on the rate of synthesis of polysaccharide from 
glucose-1 phosphate by P-enzyme. (-Enzyme is irreversibly inactivated by being precipitated 
from aqueous solution by acetone. 

The conversion of amylose into amylopectin by Q-enzyme is not inhibited by phloridzin. 
Moreover, the synthetic activity of P-enzyme is only slightly inhibited by phloridzin 

The significance of these observations is discussed in the succeeding paper (Part VII). 


Tue study of the extraction and the properties of the cross-linking (Q-) enzyme of potato, 
described in Part IV of this series (Barker, Bourne, and Peat, /., 1949, 1705), has 
been continued and extended to include the potato-phosphorylase (P-enzyme) which is 
separated in the same process. The method of isolation of the two enzymes is diagrammatically 
represented in Table I. 

It was reported in Part IV that precipitates of Q-enzyme could be freeze-dried with little 
loss of activity if, to the moist precipitate, boiled potato juice were added before it was submitted 
to freeze-drying. It seemed probable that the boiled juice was simply buffering the enzyme 
slurry which, in its absence, became acid owing to loss of ammonia from ammonium sulphate. 
We have now been able to confirm this supposition and to show by the use of suitable buffers 
that P-enzyme preparations may also be freeze-dried without loss of activity. 

P-Enzyme.—The synthetic activity of fraction P2 (Table I) was completely destroyed by 
freeze-drying, whereas the less pure fraction, Pl, retained about 26% of its activity. During 
the freeze-drying of the latter fraction the pH fell from 7°3 to ca. 5°5 (Table II). Boiled and 
filtered potato juice stabilised both fractions to freezing and the maximum acidity change was, 
in this case, from pH 7:2 to 64 (Table II1). The effect of freeze-drying PI (and P2) fractions 
in the presence of different buffers is shown in Tables IV and V. It was concluded that 
complete retention of the activity of P-enzyme was possible if the freeze-drying was carried 
out in a O-2s-citrate buffer of pH 6-0. 

Q-Enryme.-It is shown in Table VI that the activity of Q-enzyme (in the conversion of 
amylose into amylopectin) is completely retained if a Q3 fraction (see Table I) is freeze-dried 
in a O-2e-citrate buffer of pH 6-0, 6-5, or 7:0, and for routine preparations we have adopted the 
procedure of freeze-drying in such a citrate buffer at pH 70. It is a matter of considerable 
interest that, although a citrate buffer of pH 7° allows of maximum retention of Q-activity, 
yet an acetate buffer of the same pH is quite inetiective. In fact, a Q3 preparation freeze- 
dried in an acetate buffer of pil 7-0 was almost completely inactivated (Table VI). This loss 
of activity appears to be associated with the development of acidity during the drying process. 
The final pH with acetate was 5°15, as compared with 65 when citrate was used. Table IV 
indicates that P-enzyme also is destroyed by freeze-drying in an acetate buffer of pH 7-0. 

Stocks of fractions P2 and 03 were prepared from more than 60 kg. of potatoes during the 
“ pesting ” stage, i.¢., when the amylase content was a minimum, and were freeze-dried in 
citrate buffers of pH 6-0 and 7-0, respectively. The dry powders were stable during prolonged 
periods; for instance, the dried fraction P2 lost not more than 1% of its activity in 60 days, 
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Tasie I. 
Isolation of and Q-enzymes from potato juice. 
Potato 
(trace of Na,5,O,) 
PROAc, 
Precipitate Selu tien 


(dus arded) 
} 


Selu ton 
| %, 
| 


Precipitate Solution 
Fraction QI 


80, 

Precipitate 
Solution Drecipitate Fraction Pi 


NH. pa 7 


(discarded) Fraction Q3 
Precipitate Solu tron 
Fraction Q2 pit 


todd g 180 


Precipitate 
Fraction P2 


whereas the activity of the same sample kept in solution in citrate buffer (pH 6:0) for the same 
time fell to one-tenth of its initial value. The Q3 powder showed no change in Q-enzyme 
activity in 41 days. 

The Ensymic Purity of Fractions P2 and Q3.-—The Q3 fraction was shown in Part IV to be 
substantially free from the normal amylases and from maltase. It contained a little P-enzyme 
(detected by its synthetic activity) corresponding, after freeze-drying, to about 5% of the 
P-enzyme initially present in the juice. The P2 fraction was also shown to be {ree from maltase 
(lack of maltose-hydrolysing activity). It contained, at most, only traces of Q-enzyme and the 
normal amylases inasmuch as it effected, at pH 6—7, only a very slow fall in the A.V. (6800 a.) 
of amylose. 

Phosphatase Content.—The Q3 fraction did not liberate a detectable amount of free phosphate 
from sodium glycerophosphate in 7°5 hours at pH 6°5 and might thus be considered as free 
from phosphatase. The freeze-dried P2 fraction did, however, contain a trace of phosphatase 
since it effected a 7°5% conversion of glycerophosphate into free phosphate in 7°5 hours (see 
Fig. 1, curve A). It appeared that this reaction was either reversible or was inhibited by 
phosphate ion since the hydrolysis of glycerophosphate proceeded much more slowly in the 
presence of added mineral phosphate (Fig. 1, curve B). Fraction P2 exerted no phosphatase 
activity with respect to glucose-] phosphate under the normal conditions of polysaccharide 
synthesis. Thus, when fraction P2 was incubated at pH 6° in the presence of starch with 
glucose-1] phosphate no development of reducing power occurred in one hour 

Starch-liquefying Action of P- and Q-Enzymes.—The relative viscosity of a 1% dispersion of 
potato starch in acetate buffer (pH 7:0) was not affected by fraction P2. In a phosphate buffer 
of pH 6°7, a slow fall in the viscosity was observed (Fig. 2) and could be attributed to normal 
phosphorolysis of the starch. 

It was reported in Part I (Bourne and Peat, J., 1945, 877) that the crude preparations of 
the branching enzyme then available liquefied starch pastes. That this is an intrinsic action of 
Q-enzyme has now been demonstrated by the striking diminution of viscosity of a 1% starch 
paste brought about by the highly purified (3 fraction (Fig. 2). As pointed out above, 


(1950) SS 
Residue 
= 
Solu ton 
warded) - 


86 Barker, Bourne, Wilkinson, and Peat: The Enzymic Synthesis 


Fis. 1, 
Phosphatase actimty of enryme fraction P2 (sodium glycorophosphate substrate). 


A 


4 
Time (hours). 


A. Mineral phosphate not added to 
B. Monerail phosphate added to digest 


2. 


The action of fractions P2 and Q3 on the viscosity of starch paste in the presence and absence of mineral 
pa or phate. 


221 


Relotive viscosity (Ne) (water =1-0). 
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there are reasons for believing that fraction Q3 does not contain a-amylase in sufficient 
concentration to cause this degree of liquefaction. Nor can the liquefaction be ascribed to 
phosphorolysis. It is true that a somewhat greater fall in viscosity ix registered if mineral 
is present in the O3 digest (Pig. 2), but we ascribe this enhanced effect in the presence 

of phosphate to the smal! proportion of P-enzyme which the 3 fraction contains. 
Atocatalysis im Pol haride Synth from Glucose-1 Phosphaie._-The rate of liberation 
of free phosphate by P-enzyme acting on glucose-] phosphate is a measure o/ the rate of 
synthesis of polysaccharide, and Fig 3 shows that this rate is greatly accelerated if Q-enzyme 
is also present. The enzyme preparations used in this experiment were purified beyond the 
stages given in Table |, by two further precipitations with ammonium sulphate, giving fractions 
P4 and Q5. Curve C in Pig. 3 shows that the P-enzyme content of fraction (5 is negligibly 
small. The autocatalytic effect is shown by the diflerence between curve # (P4 fraction alone) 


Pia. 3. 
atalysis im polysaccharude symthesas from glucose-1 phosphate. 


so 


S 
8 
i 


2 3 
Time (hours). 
AP Ensyme + Quenryme 


B. P-Emeyme alone. 
C. alone 


and curve A (P4 and Q65 acting together). Cori and Cori (J. Biol. Chem., 1943, 151, 57) showed 
that the “ branching factor “ of liver and heart had a similar catalytic effect on the synthetic 
action of muscle phosphorylase, and ascribed the effect to the increase in the proportion of 
non-reducing chain ends brought about by the branching factor. Clearly Q-enzyme functions 
in the same way. It has been indicated by Bernfeld and Meutémédian (Helv. Chim. Acta, 
1948, 31, 1724) that a-amylase, which fragments amylose chains, would, by increasing the 
number of chain ends, also catalyse the synthesis from glucose-! phosphate (see also Part III, 
Bourne, Peat, and Sitch, this vol., p. 1448). This autocatalytic action cannot therefore be 
regarded as a specific test for Q-enzyme. 

The Inactivation of Q-Enzyme by Acetone.—It was shown in Part II (Bourne, Macey, and 
Peat, J., 1945, 882) that (-enryme was inactivated by precipitation from aqueous solution with 
ethyl alcohol (3 vols.) whereas salivary a-amylase was unaffected by alcohol. We have now 
found that the activity of the purified Q-enzyme (fraction (3) is almost completely destroyed 
when it is precipitated from a citrate buffer solution at pH 6 and 0° with acetone at 
concentrations between 25 and oo 

The Effect of Phloridzin on P- and Q-Enzymes.—-Green and Stumpf (J. Biol. Chem., 1942 
phloridzin. At a phloridzin concentration of (approx.) 1-4 « 10%m., the inhibition was only 
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18%, and at half this concentration there was no inhibition of phosphorylase. Bernfeld and 
Meutémédian (loc, ot., p. 1735) showed that isophosphorylase was not inhibited by phloridzin 
and, on the assumption that phosphorylase was strongly inhibited by phloridzin, added the 
latter reagent to mixtures of phosphorylase and isophosphorylase in order to influence the 
relative active concentrations of the two enzymes. 

We have now examined the effect of phiordzin on the conversion of amylose into amylo- 
pectin by (-enzyme and on the synthesis of amylose from glucose-1 phosphate by P-enzyme. 
Caution had to be observed when measuring the activity of fraction Q3 by diminution of A.V. 
(6800 a.) for it was shown that phloridzin reacts rapidly with free iodine and also, but more 
slowly, changes the blue colour of an amylose-iodine complex. To overcome this difficulty 
when ©-enzyme was incubated with amylose in the presence of phloridzin, more than the 
standard concentration of iodine was employed and the absorption value was measured 
immediately after staining. By adopting this technique we were able to show that (3 fraction 
was not inhibited at all by 15 « 10%w-phloridzin (see Table VII). 

Furthermore, we found that the introduction of phloridzin (1°24 x 10°%m.) into a digest of 
glucose-1 phosphate and P-enzyme (fraction P2) diminished the enzyme activity by only 8%, 
(Table VIL). 

EXPERIMENTAL. 


Anaiytical Methods.-The analytical methods employed were described in Part IV (Barker, Bourne, 
and Peat, J., 1949, 1706) 

brachonation of Starch —- amylose sam were iso) rom potato starch by precipitation 
with thymol (Bourne, Donnison, Haworth, Pest, J., 1948, 1687). 

isolation of P- and Q-Enrymes from Potatoes —-The juice (100 cc.) from King Edward potatoes was 
treated with lead acetate and centrifuged. The protein complex was eluted by stirring with 
sodium hydrogen carbonate in the —— of a stream of carbon dioxide (details of these early stages 
of the isolation were given in Part [V) ‘o the eluate (ca. Lld cc.)a iphate solution (pH 7; 
50 ¢. 100 ©.) was added until the concentration of this salt reached 18 ¢./100 cc. The precipitate 
(fraction Ql) was separated by the centrifuge. The concentration of ammonium sulphate in the 
supernatant liquid was increased to 35 g_/100 c.c. and the precipitate (fraction Pl) was collected. 

Fractionation of Pi. Fraction P| was dissolved in water (20 c.c.) and ammonium sulphate solution 
(pH 70, 50 ¢ /100 cc.) was added until the salt concentration was 16 ¢./100 c.c. precipitate 
( thon Q2) was removed and the concentration of ammonium sulphate in the supernatant liquid was 
increased to 36g /100 c.c. The precipitate (fraction P2) was collected by the centrifuge. 

Fractionation of Qi. Fraction Q! was dissolved in water (20 cc) and kept at 0° for | hour. A 
mall insoluble residue was removed before the concentration of ammonium sulphate in the solution was 
adjusted, as above, to 26g /100 cc. The precipitated fraction (()3) was separated by the centrifuge. 

Except where otherwise stated, the operations were carned out at room temperature 

Preese-drying of P-Enryme Solutions..-The enzyme solutions were frozen in an alcohol-carbon 
dioxide mixture and dried at 0-01 mm. No thawing occurred ander these conditions. The activities 
of the enzyme samples were measured by the method of Green and Stumpt (loc. cst } 

(a) Freese-drying of frachoens Pi and P2. The enzyme traction (PI and P2) isolated from 100 cc. of 
juice was dissolved in water, and the volume adjasted to 20c.c. Half of the solution was freeze-dried, 
the powdery product being redissolved in water and diluted to 10 cc. The other half served as a 
control, The resalts obtained with several different samples of P) and P2 are given in Table II. 


Taste I. 
Freese-drying of fractions P\ and P2. 


pH of enzyme Retention of pH of enzyme Retention of 
solution . P-enzyme solution . P-enzyme 

Enzyme before after activity durin Enzyme before after activity during 
fraction. drying drying. freeze~irying (%). fraction. drying. drying. freeze-drying (%). 

Pi 7-20 . Pl 7-35 5406 


(b) Preeze-dryeng of fractions Pl and P2 in the presence of boiled potato juice, A sample of potato 
juice was boiled for 20 minutes, filtered, and diluted to its original volume with distilled water. Toa 
solution (20 cc.) of fraction Pl or P2, obtamed from 100 ¢.c. of juice, 5 cc. of the boiled juice were 
added and the enzyme solution thus obtained was divided into two equal portions. One of these was 
treeze-iried, the dry residue being redissolved in water and diluted to 12-4 ¢.c. The second half served 
as a control, It was essential that this control should contain boiled juice because, under these 
conditions, the addition of boiled juice to fraction Pl or P2 increased the activity of the phosphorylase 
solution by about 15% The stabilising effect of boiled juice during the freeze-drying of P-enzyme 
solutions is shown in Table III 

(c) Preaze-drying of fraction Pl im the presence of different buffers. The boiled juice used in (b) was 
replaced by different buffer solutions as shown in the Table IV. It was observed that the mere addition 
of O2™-eodiam hydrogen carbonate, even without freeze-drying, diminished the P-enzyme activity by 
about 30%, 
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Taste Lil. 
Freeze-drying of fractions P| and P2 im the presence of boiled potato juice. 


Enzyme PH of enzyme solution, containing boiled juice : 
Pl 


Tasie IV. 
Freese-drying of fraction P1 im the presence of different buffers. 


Volume of buffer added Retention of P-enzyme 
to 20. of PI activity during 
Butler solution. solution {c.c.). freeze-drying (%). 
O-Im-Cit ate (pH 63) ............ 40 . 
O-im-G ycine (pH 6-2) 


veeze-dryimg of solute fract Pi and P2 in 0 2u-citrate (pH 60). Fraction PI 
tor from 100 c.c,. of uice, was dissolved directly in 0-2u-citrate buffer (pH 6-0) to 
give 20 cc. of enzyme solution, half of which served as a control other half was freeze-dried, the 
faring the being redissolved in water and diluted to lO c.c. The efficacy of the citrate buffer as a stabiliser 
of Pi and P2 fractions is shown in Table V, where the results obtained with 

several different samples of these enzymes are recorded. 


Taptx V. 
Freeze-drying of solutions of fractions P\ and P2 in 0-2m-citrate buffer (pH 6-0). 


Enzyme fraction ... Pl Pl P2 
Retention of P-enzyme activity during freeze-drying (%) 1000 985 1000 1000 1000 1000 


In view of the above results, this method of freeze-drying fractions Pl and P2 in 0-2m-citrate buffer 
(pH 60; 20 cc. for each 100 c.c. of juice originally used) was ted as the standard method for the 
preparation of the enzymes in powder form, and has been successfully employed for the isolation and 
storage of the P-enzyme from more than 60 kg. of potatoes 

Freeze-drying of Fraction Q3 im the Presence of Citrate and Acetate Buffers.—Fraction (3, isolated 
from 125 c.c. of juice, was dissolved in 0-2m-citrate buffer (pH 60; 25 c.c A portion (20 ¢ ¢.) of this 
solution was freeze-dried, as above, the rest being retained as a control. The dry powder was dissolved 
in water, diluted to 20 ¢.c., and incorporated in a digest consisting of amylose solution (14 mg. in 7-5 ¢.c., 
prepared as in Part IV), maltose solution (3-0 mg. in 1-5 c.c.), 0 2m-citrate buffer (pH 60; 3c .), and 
the buffered enzyme solution (2-0 c.c.), making a total volume of 140 cc. A second digest contained 
the enzyme control. After 30 minutes at 20-5° an aliquot portion (1-0 ¢.c.) of each digest was stained 
with iodine (2-0 mg.)-—potassium iodide (20-0 mg) in a final volume of 100 c.c. and the A.V. (6800 a) 
was measured in the usual manner 

In three similar experiments the 0-2™-citrate buffer (pH 6-0) was sed, both during ney gg 
and in the digests, by other buffers, namely, 0-2u-citrate buffer (pH 65), 0-2m-citrate buffer (pH 7-0) 
and 0-2m-acetate bufler (pH 7-0). The results are shown in Table VI 


Taste VI. 
Freeze-drying of solutions of fraction (3 in acetate and citrate buffers. 
Fall (%) in A.V. (6800 a.) H of ensyme- 
in 30 mins. P bo ffer 
Buffer used during freeze-drying and After solution after 
in the digests. freeze-drying. 
O-2u-Citrate (pH 6-0) ...... 7246 
O-2u-Citrate (pH 7-0). 76-8 
0-2m-Acetate (pH 7-0) 


For routine purposes, the standard tech’ ry for the freeze-drying of fraction Q3 was to 
dissolve the enzyme in 0-2™-citrate buffer Ary 12-5 c.c. for each 100 cc. of juice), freeze the solution 
in an alcohol-carbon dioxide mixture, and dry it at 0-01 mm. In this way a very active enzyme 
preparation has been obtained in po form from more than 60 kg. of potatoes 


Retention of P-enzyme 
activity during 
freeze-drying (%,). 
05-0) 
100-0 
100-0 
1-Om-Acetate (pH 7-0) 
204 
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The Stability of Fractions P\ and P'2 when sored af O° .-Fraction Pl was dissolved in 0-2m-citrate 
buffer (pH 60, c.c. for each 100 ¢.c. of juice originally employed) and the solution was divided into 
two parts. One of these was freeze-dried as above, the other being kept as a control. The solution and 
the dry were stored at 0° in tightly-stoppered bottles, and the P-enzyme activity of each was 
measured at intervals by the method of Green and Stumpf (loc. e4.). In a second experiment fraction 
V2 was used. The rates of decay in P-euzyme activity are shown below. 


The stabilities of fractions P\ and P2 in citrate buffer (pH 6-0) at 0°. 
Retention of P-enzyme activity (%). 


Enzyme fraction, Method of storage. 12 da 27 days. 60 days. 
Pi Solution we 
Powder 


Selutron 
Powder 


The Stability of Fraction ()3 when stored at 0 a: a Powder —- Fraction Q3 was dissolved in 0- 2u-citrate 
beffer (pH 7-0) and freeze-dried accoriling to the standard technique described above. The powder was 
stored at 0° in a well-stoppered bottle, samples being periodically removed and incubated with amylose 
in the manner already described. The figures quoted in the following table show that there was no 
detectable lows in ()enzyme activity in 41 days 


The stability of fraction (3 when stored at 0° im powder form. 


Time of storage (days) 10 27 
Fall (%) in A_V. (6800 4.) of amylose in 30 mins... . Bo 16-2 75-3 


Tests for Phosphatase in Practions P2 and O3.—The enzyme fractions (P2 and ©3) used in these tests 
had been stored for several weeks as the dry powders obtained when their solutions in 0-2-citrate 
butlers were freeze dried under the standard conditions already described 

(a) Wh sodium glycerophosphate as substrate for fraction P2. The solutions used were 0-1m-sodium 
gtycerophosphate in 6-2s-citrate buffer (pH 6-5), potassium dihydrogen phosphate in water (ca. 3-2 mg. 
phosphorus/e.c.), and fraction P2 in water (40 cc. for each 100 ¢.c. of juice employed for the isolation 
of the enzyme), These solutions were incorporated in four digests (A-——D), the compositions of which 
are shown in section (i) of the following table, The digests were incubated at 20° and free-phosphate 
estimations were made periodically; these are recorded in section (ii). 


Action of fraction P'2 on sodium glycerophosphate. 


(i} Compositions of digests. 
Digest, c.c. 
Solution B 
Sodium glycerophosphate 10 10 
Potassium dihydrogen phosphate 


(i) Free phosphate estimations. 


: Free phosphorus (mg. per 15 c.c. digest 
Time of 
incubation (hoars) d B c 
0-673 3210 0-000 
1-020 
1485 
4-170 1-760 
4350 2100 
460 2310 3210 


The inorganic phosphate liberated by enzyme action was measured (i) in the presence of potassium 
dihydrogen phosphate by the difference hetween digest (A) and (C), and (ii) in the absence of potassium 
dihydrogen phosphate by the difference between digest (B) and (D These values are plotted in 


(b) With sodium glycerophosphate as substrate for fraction (3. The above experiment was repeated 
using a solution of fraction Q3 in water (40 ¢.c. for each 1) cc. of juice employed for the isolation of 
the enzyme) instead of the solution of fraction P2. No mineral phosphate was liberated by enzyme 
action im digest (B) in 7.5 hours, showing the absence of phosphatase activity in fraction Q3. 

(c) With dipotassium glucow-l phosphate as substrate for fraction P2. A digest containing the 
solution of fraction P2 (1-6 ©.c.) used in (a), dipetasstum glucose-] phosphate im (-2u-citrate buffer 
(pH 60; 10c..), OSm-citrate buffer (pH 60; 6-5 ¢.c.), and starch solution (0-5 ¢.c., containing 0-5 mg 
of starch) was incubated at 20-6° for | hour. There was no increase in reducing power, thus proving 
the absence. under these conditions, of phosphatase action on the glucose-] phosphate 

The Influence of Fractions P2 and Q3 on the Viscostties of Starch Pastes om the Absence and im the 
Presence of Mineral Phosphate —-Enryme solutions The P2 and Q3 enzyree fractions, which had been 


100-0 100-0 
a 
‘ Dd. 
10 
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stored at 0° for several weeks after being freeze-dried by the standard methods given above, were each 
dissolved in water (20 c.c. for each 100 ¢.c. of juice used for the isolation of the enzymes). The P3 
solution contained 14-1 units of phosphorylase c.c., and the Q3 solution 0-8 anit of lase/c.c. 
In a preliminary experiment it was shown that this (3 solution effected a maximum unination of 
83% m the A.V. (6800 4.) of amylose (BV, 1-04) with only 24% “ apparent conversion into maltose,” 
a fact which established the absence of more than traces of the normal amylases from the enzyme 
sample (see Harker, Bourne, and Peat, Part IV, foc. cit.) 

Sorch pastes. Potato starch (dry weight, 5 g.) was dispersed in boiling water containing sodium 
chioride (0-5 g). The solution was cooled aad dilated to 450 c.c. with water. To half of this solutioa 
0 2m-acetate buffer (pH 7-0; 25 ¢.c.) was added, giving solution (A). To the other half O-2™ te 
butter | (pli ¢ 67; 25 cc.) was added, giving solution (B). The concentrations of starch bu ta 
both (A) aad (Bs) were 1% and 0-02m., respectively 

Viscosity measurements. The starch solution (10 ¢.c.; A or B) and enzyme solution (1 cc.; P2 or 

) were adjusted to 20°, mixed, and intsoduced into an Ostwald viscometer, which was immersed in a 
thermostat at 20°. Viscosity measarements were made at intervals and are plotted in Fig. 2. In a 
second series of experiments, in which the volumes of the two buffers employed were increased from 
25 «.c. to 75 c.c., similar results were obtained . 

The Effect of Phloridzin on the Amyilose-lodine Starn.——Amylose was stained with iodine under the 
standard conditions for the estimation of B.V. (Bourne, Haworth, Macey, and Peat, /., 1048, 924) 
The coloured solution contained amylose (1 mg. /100 c.c.}, iodine (2 mg./100 ¢.), and potassiom mide 
(20 me. 100 ¢.c.). A second portion of amylose was stained im the same way except that the final 
coloured solution contained, in addition, (to 333 =x lo*m). The absorption values, 
measured immediately after the p tron of the sol , are shown below.’ The amylose-iccdine 


The effect of phloridzin on the amylose-iodine stain 


A A 
Phi bsorption value atA(ina) 


concentraton. 4300, 4700. 4900 5200. 5500 
333 0-42 owe oT 104 
Nil 0-63 0-64 0-54 0-59 0-75 0-97 107 


stain slowly faded in the presence of phloridzin, indicating that the initial rapid reaction of this 
compound with the excess of iodine (revealed in the relative absorption values) was followed by a slower 
reaction with the iodine involved in complex formation with the amylose 

The Effect of Phioridzin on the Conversion of Amylose by Fraction Y3.—Enzyme fraction Q3 was 
incubated with amylose (B.V., 1-30) under the conditions of the standard digest described by 
Bourne, and Peat (Part IV, loc. cu.). A second digest included the same components together with 
phioridzin (1-5 x 10°*m.). The course of each reaction was followed by staining, at intervals, an 
aliquot portion (lec wml me of amylose) of the digest with iodine (6 mg) an potassium iodide 
(60 mg.) in a total volume 100 cc. The absorption values of the stained solutions, which were 
measured as soon as possible after staining, are recorded in Table Vil, from which it is seen 
that phloridzin does not inhibit the action of Q-enzyme on amylose under the conditions of the 
experiment 

Tapsie VII. 
The effect of phioridzin on the conversion of amylose (B.V., 1°30) by fraction 03. 
A.V. (6800 4.) after: 


Concentration of phloridzin in digest 15 mins. 3) mins 63 mins. 
6-602 O473 0-368 


Inhibition of P-Eneyme Phloridzin..—(a) Inhibition in the digest. Fraction P2, which had been 
stored at 0° as bad ge ed ined when a solution in citrate buffer was freeze-dried by the standard 
technique descri above, was dissolved in water (13-6 cc. for each 100 cc. of juice used in the 

ation of the enzyme). This solution was incorporated in a digest which contained P2 solution 
0-5 c.c.), 1% soluble starch solution (0-5 c.c.), 0-Im-glucose-] phosphate in 0-2u-citrate buffer (pH 6-0 ; 
cc), and water (1-5cc.). The digest was incubated at 35° for 12 minutes, and the reaction was then 
arrested by addition of 5%, trichloroacetic acid solution (5-0c.c.). After centrifuging, the free phosphate 
in the supernatant liquid was determined colorimetrically. The free hate originally present wm 
the digest was determined by adding the trichloroacetic acid to the digest before the P2 tion was 
added. The mineral phosphate liberated by enzyme action was calculated by difference 

In other digests, the water (1-6 ¢.c.) was replaced by phioridzin solutions (1-5 c.c.) of different 
concentrations (0 to 2-9 « 10°*.), and, by comparison with the above control, the effect of phloridzin 
on P-enzyme activity was determined; the results are given in Table VUll. Phioridzin does not 
interfere with the estimation of free phosphate. 


Taste VIII. 
Inhitition of P-enzyme by phloridzin present in the digest. 


Concentration of phloridzin in digest (uw. x 10%) 3. 0-00 O44 0-89 106 1m 
Inhibition (%) of P-enzyme activity 22 66 
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When the solution of fraction P2 was diluted ten-fold and the concentration of phloridzin in the 
digest was increased to 2-47 « li*m., there was 405%, inhibition of P-enzyme activity 

(b) Pretreatment of fraction P'2 with phlovrideem. The experiment (a) was repeated with one variation. 
Fraction P2 was @ ved directiy in phioridzin solutions of different concentrations (40 cc. for each 
100 «.c. of juice used im the preparation of the enzyme) and kept at room temperature for | hour, A 
ee = c.¢.) of each solution was added, together with water (0-5 «.c.), to the other components of 

digest and the experiment was continued as above, giving the results recorded below. 


Inhibition of P-enzyme by pretreatment with phloridzin. 


Concentration of Concentration of 
Inhibition (%) Inhibition (%) 


i tment In the of P-enzyme During pretreatment In the of P-enzyme 
of the enzyme est of the enzyme. digest activity. 
oo 1-78 140 
207 ao om 267 213 
133 


room raction 03, which had been freeze-dried m citrate er in the usual way and stored at 0° for 


7 weeks, was dissolved in water (40 c.c. for each 100 cc. of juice used in the isolation of the enzyme). 
Portions (2-0 c.«) of this solution were mixed with aqueous acetone solutions (4) c.c.) contaming 
different concentrations of acetone. Each precipitate was collected by the centrifuge and stirred with 
mixture of © 2m-citrate butler (pH 70, 20 and O2m-sodium hydrogen carbonate solution 
(1-0 ¢.c.), the insoluble residue being removed by the centrifuge. An aliquot portion (2 c.c.) of each 
————_ liquid was incubated at 20-5° with amylose (14 mg.; B.V., 1-04), maltose (3 mg}, and 
O-2u-citrate bulfer (pH 740; 2-5 ¢.c) in a total volume of 14¢.c. Asa control a portion (2-0 c.c.) of the 
original solution was mixed with 0: 2u-sodiam hydrogen carbonate solution (1) and an aliquot 
jon (20 cc.) of the mixture was incubated with amylose under the same conditions. After 
minutes a sample (1-0 ¢.¢.) of each digest was stained with iodine (2 mg )~potassium iodide (20 mg.) 

in a total volume of 100 cc. The values for A.V. (6800 a.) thas obtained are tabulated below 


The precipitation of fraction Q3 with acetone at 0°. 
Cone. of acetone (%, by vol.) 
Pall (%) in A.V. (6800 4.) of amylose in 30 85 


Autocatalysis in Polysaccharide Synthesis by P- and Q-Enzymes -—Fraction P2 was further purified 
by two procipitations with neutral ammonium sulphate, the fraction precipitated between ammonium 
sulphate concentrations of 19 and 34 g./100 c.c. being collected each time. The product was dissolved 
in 0 2u-citrate buffer (pH 60; 20 c¢.c. for each 100 cc. of potato juice used in the isolation of the enzyme) 
and freese<tried. When uired, the powder was dissolved in water (50 cc. for each 100 cc. of juice 
employed), giving a solution of P-enzyme which contained 2-5 units (Green and Stumpf) of 
phosphorylase per c.c 

Fraction Q3 was further purified by precipitating it twice with ammonium sulphate (18 g./100 c.c.) 
in the usual manner. The product was dissolved in 0-2™-citrate buffer (pH 6-5; 13 ¢.c. for each 100 c.c. 
of juice used for the isolation of the enzyme) and freeze-dried. When required, the powder was 
dissolved in water (20 ¢.c. for each 100 cc. of juice employed), giving a solution of Q-enzyme which 
possessed 65%, of the Q-enzyme activity present in the original 03 fraction (measu by incubation 
with amylow and comparison with dilution curves for Q3). The solution of the purified Q-enzyme 
contained only 0-06 unit (Green and Stumpf) of phosphorylase per c.c. 

These solutions of the purified enzymes were incorporated in digests which contained P-enzyme 
solution (675 ¢c.) and/or Q-enzyme solution (6-75 c.c.), together with 0-iM-dipotassium glucose-1 
phosphate (9-0 c.c.) and sufficient 0-2u-citrate buffer (pH 65) to make the total volume 31-5c¢.c. The 
digests were incubated at 20° and free phosphate estimations were made at intervals, as shown in Fig. 3. 
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21. The Enzymic Synthesis and Degradation of Starch. 
Part VI1. The Mechanism of Q-Enzyme Action. 
By S. A. Barker, E. J. Bourne, 1. A. Wuxivson, and S. Pear. 


The results reported in the earlier communications in this series are reviewed and correlated 
with the observations recorded in this paper. Evidence is given which proves, beyond 
reasonable doubt, that Q-enzyme functions by a a mechanism. In this and 
in other properties it appears to be distinct from tsophosphorylase isolated (also from 
potatoes) by Bernteld and Meutémédian (ice. cst} 


It is concluded that Q-enzyme us a transglucosulase, but not of the phosphorylase type, and 

that two amy systems represented by Q-enzyme and lase 

may exist toget in the potato. 

Ovr work on the enzymic synthesis and degradation of starch has now reached a stage where 
it is desirable to review the results reported in a series of earlier communications (Part I, 
Bourne and Peat, J/.. 1945, 877, Part Il, Bourne, Macey, and Peat, /., 1045, 882; Part III, 
Bourne, Sitch and Peat, /., 1949, 1448; Parts IV and V, Barker, Bourne, and Peat, /., 1949, 
1705, 1712; Part VI, Barker, Bourne, Wilkinson, and Peat, preceding paper) and to correlate 
them with the observations recorded in this paper. 

In 1944 Haworth, Peat, and Bourne (Nature, 154, 236) reported the isolation from potatoes 
of an enzyme (()-enzyme) which catalysed, in association with potato phosphorylase (P-enzyme), 
the synthesis of amylopectin from glucose-! phosphate. We were unaware at that time of the 
“ branching factor” prepared from heart, liver, and yeast by Cori et al, (J. Biol, Chem., 1943, 
151, 57) which played a similar rile in the synthesis of glycogen. Shortly afterwards we 
advanced a hypothesis to account for the properties of Q-enzyme, from which it was iaferred 
that natural amylose could be converted into amylopectin by the agency of this enzyme (Parts I - 
and II). This hypothesis was subsequently substantiated and a preliminary account was 
given by Peat, Bourne, and Barker (Nature, 1948, 161, 127) of the conversion of amylose into 
amylopectin. In no case during the isolation and purification of Q-enzyme or during the 
investigation of its functions was mineral phosphate introduced and for this reason we have 
always held the view that Q-enzyme operated by a non-phosphorolytic mechanism. 

Recently, Bernfeld and Meutémédian (Helv. Chim, Acta, 1948, 31, 1724, 1735) described the 
isolation from potatoes of an enzyme (named by them, isophosphorylase) which bore some 
resemblance to Q-enzyme inasmuch as it played a part in the formation of amylopectin from 
both amylose and glucose-1 phosphate. There was nevertheless a fundamental difference 
between the two. Whereas we postulated that phosphate-transfer was not involved in the 
formation of cross linkages by Q-enzyme, the Swiss authors claimed that such transfers were 
an integra! part of the cross-linking mechanism. 

Since tsophosphorylase induces no qualitative change in the characteristic blue-staining 
property of amylose unless mineral phosphate and phosphorylase are present, Bernfeld and 
Meutéemédian suggest that the new enzyme functious by catalysing the transfer of phosphate. 
They believe that P-enzyme first acts on amylose and mineral phosphate to give glucose-1 
phosphate, which is then utilised by isophosphorylase to establish | : 6-linkages, with the 
simultaneous liberation of mineral phosphate. The glucose-1 phosphate subsequently liberated 
by P-enzyme from the end of the original! chain is used either (i) by tsophosphorylase to establish 
another branch, or (ii) by P-enzyme to lengthen the branch already established by tso- 

ylase. 

The scheme for the conversion of amylose into amylopectin proposed by two of us in 1945 
(Part I) was based on the observation that Q-enzyme functioned in the absence of both mineral 
phosphate and P-enzyme. The small impurities of minera] phosphate and P-enrzyme known to 
be present in the samples of Q-enzyme then available were not regarded as being sufficient to 
play any part in the conversion. The publication of Bernfcld’s views prompted us to examine 

; activity in greater detail, because, theoretically, a trace of mineral phosphate would 
be sufficient to facilitate the phosphorolytic mechanism proposed by him. 

Conversion of Amylose into Amylopectin.—By treatment with Q-enzyme, linear amylose © 
chains are transformed into the branched amylopectin structure. The evidence upon which 
this statement is based has been detailed in two earlier papers (Part V and Nature, 1948, 161, 
127). Briefly, Q-enzyme causes a rapid diminution of the absorption value, A.V. (6800 4.), of 
an amylose solution to about 13% of the original value. This red-staining solution contains 
only 2% of reducing sugar, expressed as maltose, and is hydrolysed at a higher initial rate by 
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B-amylase than is the original amylose solution, a fact in keeping with the postulate that an 
increase in the number of chain-ends occurs during Q-enzyme action. When the red-staining 


pol produced from amylose in this manner is isolated, it is indistinguishable, in 
its blue value, in the light-absorption curve of its iodine-stained solution, and in its limiting 
conversion with §-amylase, from the purest samples of natural potato amylopectin. In this 
conversion, (amylose —-> amylopectin) equilibrium lies completely, or nearly so, on the side of 
the branched structure. 

According to Bernfeld, isophosphorylase, in the presence of P-enzyme and mineral phosphate 
(1°36 atoms of phosphorus per C,H,.O, unit), also lowers the limit conversion with 3-amylase 
of an amylose solution (to 65°,). In this reaction, the blue-staining amylose is converted into 
a@ purple-staining polysaccharide, the latter being favoured at equilibrium. Although the 
polysaccharide produced in this way has not yet been isolated, it probably possesses a branched 
structure of the amylopectin type (Bernfeld and Meutémédian, loc. c1.), 

It was shown in Part I that as the purification of a Q-preparation proceeded, i.¢., as the 
P-enzyme content diminished, its power to effect the synthesis of polysaccharide from 
glucose-I phosphate also decreased. This has been repeatedly confirmed and in the present 
work quantitative experiments show that the addition of glucose-! phosphate atiects neither. 
the rate nor the end-point of conversion of amylose into amylopectin by the purest specimens 
of Q-enzyme (Table L11), Furthermore, the degree of branching of the product of the action 
of Q-enzyme on amylose is the same whether the Cori ester is present or not (Table V1). 

The lack of effect of mineral phosphate on the conversion of amylose into amylopectin by 
(penzyme is shown in Table Il. Two parallel digests of amylose and ()-cnzyme were 
made in acetate buffer of pH 7 at 20°. One digest contained 04 atom of free~phosphorus per 
CoH, unit and the other, to which mineral phosphate was added, contained 35 times as 
much. Nevertheless, the rate of reaction as measured by the fall of A.V. (6800 4.) was the 
same in the two digests. Furthermore, the free-phosphate contents did not diminish during 
the reaction, which was virtually complete in 150 minutes. The same lack of effect on Q-enzyme 
activity was shown in a second experment in which the mineral phosphate content was 
increased from O04 to 0:18 atom of phosphorus per unit. 

It should be pointed out that, before any specific effect of mineral phosphate on 
the conversion of amylose by Q-enzyme coukl be ascertained, it was essential to know whether 
salts in general influenced the reaction, Accordingly, amylose was incubated with Q-enzyme 
at pH 7-0 in a series of digests which differed only with respect to concentration of citrate buffer. 
The rate of conversion, measured by the fall in A.V. (6800 a.), rose appreciably as the buffer 
concentration was increased to 4.5 « 10 °%m. and thereafter remained constant (Table 1). This 
marked activation of Q-enzyme by salts has also been observed by Gilbert and Swallow 
(in the press) It was obvious that valid conclusions concerning the effect of mineral 
phosphate on Q-enzyme activity could be drawn only from those experiments in which other 
salts were present in sufficient concentration fully to activate the enzyme. 

Adopting the same method as that used in studying the effects of glucose-1 phosphate and 
mineral phosphate, it was demonstrated that the addition of P-enzyme does not influence the 
conversion of amylose by Q-enzyme, if phosphate is absent and if the enzyme is activated by 
the presence of other ions (see Tables IV and V}. 

it must therefore be concluded that the presence of a relatively large amount of mineral 
phosphate, of P-enzyme, or of glucose-1 phosphate does not influence the conversion of amylose 
into amylopectin by Q-enzyme, with respect either to rate or to type of reaction. Lf now 
Q-enzyme operates as an tsophosphorylase the addition of any of these three agents would be 
expected markedly to affect the rate of conversion as measured by the change in A.V. (6800 4.). 
The fact that this does not happen furnishes ample support for our view that Q-enzyme does 
not operate by a mechaniam of phosphate transfer in the synthesis of cross-linkages. 

Hehre (J. Biol, Chem., 1049, 177, 267) has reported that an enzyme present in extracts of 
Neisseria converts crystalline corn amylose into a glycogen-like polysaccharide without the 
felease of reducing sugars and without the addition of mineral phosphate. This enzyme would 
appear to have the character more of Q-enzyme than of isophosphorylase. 

Attention was next directed to the question of reversal of synthesis, i.¢., to the scission of 
cross-linkages and the part, if any, played by phosphate in the process. For this purpose the 
action of ©-enzyme on amylopectia and on the limit dextin-A was studied. 

It was important in these experiments to be able to assess the degree of branching in the 
products of Q-enzyme activity. Sech comparisons of extent of ramification were made by 
measuring the linut of §-amylolysis of each specimen. The smaller the proportion of branches 
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in the substrate, the higher will be the S-amylase conversion limit. It must be borne in mind, 

however, that no §-amylase preparation at present available is entirely free from a-amylase 

and for this reason §-amylolysis must be carried out at an acid pH (usually, 4-7) at which the 
a-amylase is inoperative (see Peat, Whelan, and Pirt, Nature, 1049, 164, 499). 

When thymol-amylopectin (blue value, B.V., 0-215) was incubated for 3 hours at pH 70 
with fraction Q3 there was less than 1% increase in the content of reducing sugar, expressed as 
maltose. The polysaccharide product gave rise, by §-amylolysis at pH 4-7, to a limit dextrin 
and 47% of maltose, compared with 53% of maltose in the case of the parent thymol-amylo- 
pectin (Table VII). Little or no scission of the cross-links could have occurred. Indeed 
Q-enzyme treatment had brought about a slight increase in the degree of branching, presumably 
by the conversion into amylopectin of the smal! amrylose impurity known to be present in 
thymol-amyilopectin (Bourne, Donnison, Haworth, and Peat, /., 1948, 1687). Identical 
results were obtained from a similar experiment in which mineral phosphate (1-35 atoms of 
phosphorus per C,H,,O, unit) was introduced during the treatment of amylopectin with 
Q-enzyme (Table VII). It is clear that, if the synthesis of cross-links by Q-enzyme is a 
reversible process, then at equilibrium there is an overwhelming preponderance of the branched 
structure and that this equilibrium 1s not influenced by the presence of phosphate. 

The ability of highly purified Q-enzyme (fraction Q5) to hydrolyse the cross-links of 
dextrin-A has been investigated (Table VII1). Although there was only a slight development 
of reducing power, corresponding to 1% conversion into maltose, when dextrin-A was treated 
for 3 hours with enzyme fraction Q6, the dextrin did become somewhat more susceptible to 
S-amylolysis. Whereas the original dextrin gave 2% of maltose with 6-amylase, the product 
of Q-enzyme action gave 11°5% of maltose. It was shown once again that the presence of 
mineral phosphate (1°34 atoms of phosphorus per C,H,,O, unit) did not materially alter the 
result. In this respect the action appears to be different from that of isephosphorylase on the 
dextrin. While it is clear that slight hydrolysis, as opposed to phosphorolysis, of the dextrin 
had occurred during the Q-enzyme treatment, it is by no means certain that there had been a 
specific scission of the cross-links by Q-enzyme, for it is well-known that a very minute amount 
of a-amylase impurity in the enzyme sample could, by scission of 1 ; 4-linkages in the " inner“ 
polysaccharide chains, have caused the observed increase in the degree of §-amylolysis of the 
dextrin (Bourne, Haworth, Macey, and Peat, J., 1948, 924). We therefore note that the action 
of Q-enzyme on dextrin-A is not facilitated by the presence of mineral phosphate, but, until 
further information is available, we eer to attribute the action on dextrin-A to the scission 
of 1 : 6-linkages by Q-enzyme. 

As is to be expected, whole starch seshiawen, in most respects, like a mixture of amylose and 
amylopectin under the action of Q-enzyme which simply transforms the amylose component of 
potato starch into amylopectin and leaves the amylopectin component essentially unchanged, 
so that the whole of the starch is converted into the ramified structure (Parts Il and V). 
©-Enryme rapidly diminishes the viscosity of a starch paste (Parts I and V1), whereas tso- 
phosphorylase does not (Helv. Chim. Acta, 1948, 31, 1724). It appears improbable that the 
liquefying property of Q-enzyme can be attributed to either a- or S-amylase, because (a) 
reducing sugars do not appear, (6) the solution never becomes achroic, and (c) the polysaccharide 
product is indistinguishable from natural amylopectin. The effect of Q-enzyme in lowering 
starch viscosity is not inflaenced by the addition of mineral phosphate (Part V1, Fig. 2). 

Purity of the Q-Enzyme Preparations .—It was fully appreciated, early in this work, that the 
conclusions concerning the mechanism of starch synthesis and degradation depend largely 
on the degree of enzymic purity. In particular it was important that Q-cnzyme preparations 
should be as free as possible from amylases. The most persistent impurity is «-amylase and 
tests for its presence are complicated by the doubt, which still exists, whether Q-enzyme per se 
liberates reducing groups during the conversion of amylose into amylopectin or whether this 
small “ apparent conversion into maltose (ca. 2%) is caused by a trace of aamylase. It is 
certain, however, that if a-amylase is still present in the purest Q-enzyme samples, it is there 
in such minute quantities as not to affect the validity of the conclusions we have drawn. 

In Parts IV and V of this series and also in the present paper, evidence has been 
to show that Q-enzyme, even at the Q1 stage, contains no more than a trace of either a- 
§-amylase, since it effects an 87% reduction in A.V. (6800 4.) of amylose with the prrmonachet 4 
liberation of only 2% of reducing sugar (expressed as maltose). At this point, the solution is 
stained red by iodine, and does not subsequently become achroic. Fraction Q1 is free from 
maltase (Part IV), while fraction Q3 contains no phosphatase (no action on sodium glycero- 
phosphate, Part VI). Fraction Q3 is normally contaminated with a little P-enzyme (Part V1), 
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but, if during the course of its isolation it is freeze-dried at the Q] stage in the absence of a 
buffer, the P-enzyme impurity is preferentially destroyed and in this way samples of fraction Q3 
were obtained which were devoid of P-enzyme activity when tested by the method of Green 
and Stumpf (/. Biol. Chem., 1942, 142, 355). 

Synthesis of Amylopectin from Giucose-1 Phosphate.—Bourne and Peat (1945) advanced the 
theory that P-enzyme first builds up linear polysaccharide chains by the end-wise apposition, 
in a-1: 4-linkage, of glucose units derived from glucose-1 phosphate, and that these amylose- 
type molecules then serve as a substrate for Q-enzyme, which converts them into amylopectin 
in the same way as it transforms natural amylose into amylopectin. There could be ne doubt 
that the product of the joint action of P- and of Q-enzyme on giucose-l phosphate 
was amylopectin, for this synthetic polysaccharide was isolated and could not be distinguished, 
ih its blue value, in its lamit conversion with §-amylase, and in its average chain-length, as 
determined by end-group assay, from natural amylopectin (Part I). 

Bernfeld and Meutéemédian also regard the first stage in amylopectin synthesis as the 
formation, by P-enzyame, of linear chains. The second stage is pictured as the establishment 
of branch points by the addition to these chains, by tsophosphorylase, of single glucose units 
(derived from glucose-1 phosphate) in 1: 6-linkage. It is suggested that the branches thus 
introduced are lengthened by subsequent P-enzyme action and in this way give rise to the 
“ outer chains of amylopectin. There is some doubt, however, whether the final stage in 
this scheme of synthesis would in fact occur, for it is known that at least three, and proably 
more, |: 4-linked glucose units must be present in an “ outer" chain before the structure will 
serve as a template for P-enzyme (Weibull and Tiselius, Araw Kemi, Min., Geol., 1945, 19, A 
No. 19). This question of the relation between structure and activating power has been 
discussed more fully in Part III of this series. 

We have always maintained that Q-enzyme fer se cannot utilise glucose-1 phosphate as a 
substrate, because increased purification of the enzyme invariably results in a decreased ability 
. to liberate mineral phosphate from the Cori ester, Indeed this has been the method by which 
we have measured the progressively decreasing impurity of P-enzyme in Q-enzyme samples. 
Samples of Q-enzyme have now been prepared in which P-enzyme cannot be detected by the 
method of Green and Stumpf (loc. ct.), which involves incubating the enzyme sample with 
glucose-! phosphate in the presence of starch and measuring the amount of mineral phosphate 
liberated. It follows that Q-enzyme cannot utilise glucose-] phosphate even in the presence 
of the template chains furnehed by starch. On the other hand, Bernfeld and Meutémédian 
(loc, et.) demonstrated that isophosphorylase does liberate mineral phosphate from the Cori 
ester, In this respect Q-enzyme again appears to differ from tsophosphorylase, but its 
behaviour is similar to that of Cori’s branching factor from liver (J. Biol. Chem., 1943, 161, 57). 

Conclussons.-—The evidence presented furnishes proof that Q-enzyme does not operate by 
a mechanism involving phosphate, and cannot, therefore, be an tsephosphorylase. The 
conclusion appears to be inevitable that two types of enzyme are responsible for the synthesis 
of cross-links in branched polysaccharides, one type (isophosphorylase) functioning by means 
of phosphate transfers and the other (Q-enzyme, Cori's “ branching factor’) by a trans- 
glucosidase action which is independent of phosphate. It is not altogether surprising that 
there should be two modes of synthesis for it is well-known that starch is degraded by amylolytic 
as well as by phosphorolytic enzymes. 

Q-Enaryme would thus be regarded as belonging, in common with other enzymes concerned 
in polysaccharide synthesis, to the class of trans-glycosidases, of which the phosphorylases 
constitute only one type (see Doudorotf, Barker, and Hassid, J. Biol. Chem., 1947, 168, 725). 
As discussed by us in Part V of this series, the scission of a 1: 4-link in the amylose chain 
probably occurs simultaneously with the formation of a | : 6-link and thus appreciable quantities 
of short unbranched chains (" pseudo-amylose ’’) are not detected. 


EXPERIMENTAL. 
Analytical Methods —The analytical methods employed in this work were discussed in Part IV. 
Fractionation of Starch.—The amylose and amylopectin samples were isolated from potato starch 
by fractional precipitation of the former with thymol (Bourne, Donnison, Haworth, and Peat, J., 1948, 
1687) 
Isolation of P- and Q-Enzymes from Potatoes.-—Details of the method employed for the isolation of 
these enzymes were given in the preceding paper 
low Achvation of the Action of Q-Enryme on Amylose ——Earzyme fraction 03 was freeze-dried in the 
resence of citrate batter pH 7-0) according to the standard method des ribed in the preceding paper. 
hen required. the dry powder was dissolved in water (80 ¢ ¢. for each 100 c.c. of juice used in the 
isolation of the enzyme). This Q3 solution, which was 3-13 x 10-*w. with respect to citrate baffer, 
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was incorporated in digests containing amylose (14 mg.; B.V. 144), maltose (3 mg), Q3 solution 
(24 cc), &2u-citrate buffer (pH 7-0; varying volumes), and water to make the total volume 14 c.c 
in each case. The digests were incubated at 20-5° and. at intervals, aliquot portions (1 ¢.c. = 1 mg. of 
amylose) were stained with iodine (2 mg )~potassium iodide (20 mg) in a total volume of 100 cc. The 
values of A.V. (6800 a.) thus obtained were related to the concentrations of buffer employed, as is shown 
in Table 1. In addition to these different concentrations of citrate buffer, there were other salts present 
in constant strength in each digest, namely sodium sulphate (1:12 = 10°) (arising from dissolution 
of the amylose in aqueous sodium hydroxide and neutralisation of the solution with sulphuric acid) and 
ammonium sulphate (a small residue left from precipitation of the enzyme). The Q3 fraction used in 
these digests had been shown, in a separate experiment, to effect a fall of 88%, in the A.V. (6800 4) of 
the amylose with an “ apparent conversion into maltose “ of only 3.0% and to be essentially free 
from the normal amylases. 


Taste I. 
Tome activation of the action of Q-enryme on amylose. 

Molarity of citrate buffer Fall (%) in A.V. Molarity of citrate buffer Fall (%) in AY. 
(pH 7-4) im digest (6800 a.) of amylose. (pH 7-0) im digest (6800 4.) of amylose. 
(x 10%, 20 mins. 45 mins. (= 10, . 20 mins. 45 mins. 

619 3:33 S18 60-5 

1-16 470 65.6 476 533 69-8 

1-88 458 66-2 


When the results (Table I) were plotted it was evident that the minimam concentration of citrate 
buffer necessary for full activation of the enzyme was 4-5 = li"*™ 

Eject of Mumeral Phosphate on the Rate of Conversion of Amylose by Q-Encyme—Fraction Ql was 
dissolved in a littl water and freeze-dried, a process which diminished considerably the small amount 
of P-enzyme impurity (see Part IV). When required, the dry powder was dissolved in water (17 ¢.« 
for each 1) cc. of juice used in the isolation of the enzyme). An aliquot portion (5 cc.) of this enzyme 
solution was incubated at 20-5° with amylose (20 mg.; BV. 1-30; dissolved in sodium hydroxide and 
neutralised with sulphuric acid, as described in Part IV), maltose (8 mg), and m-acetate buffer (pH 7-0 
5 cc.) in a digest having a total volume of 50 ¢.c. At intervals, portions (2-5 cc. = 1 mg. of amylose) 
were stained with iodine (2 mg.)-potassium todide (20 mg) io a final volume of 100 cc. The values 
for % fall of A.V. (6800 a.) are shown, together with the increase in copper reducing value (expressed 
as maltose), in Table Il. The free-phosphorus content of the digest remained constant at 6-170 mg., 
corresponding to 0-44 atom of phosphorus per C,H ,,O, unit in the amylose. This impurity of mineral 
phosphate had been introduced mainly with the enzyme solution 

A second digest (total volume, 50 c.c.), which was incubated simultaneously with that already 
described, contained, in addition to the above components, 3-462 « 10x-phosphate buffer (pH 7-0; 
Scc.). This digest contained 0-18 atom of free phosphorus per C,H,,O, unit. The values of A.V 
(6800 a.) and “apparent conversion into maltose “’ were very similar to those recorded in the first 
digest (Table II) 

In a second experiment with a fresh enzyme solution 1-35 atoms of {ree phosphorus per C,H ,.O, uni’ 
were added. The rate of conversion of the amylose was not increased even by this high concentration 
of mineral phosphate (Table Ll). 


Tanie Il. 
Effect of mineral phosphate on the conversion of amylose by Q-enzyme. 


Fall (%) m A.V. 
Atoms of free » Apparent 
Molarity of phosphorus per (660 a.) of conversion into 

Experi- acetate buffer CH yO, unit amylose maltose (%) 

ment in digest in the amylose. 25 mins. 150 mina. in 150 mins. 
First. O04 73-7 10 
ol 740 84.3 12 
Second ......... ol 72-9 86-0 Oo” 


1-39 73-0 


Effect of Giucose-\ Pee on the Rate of Conversion of Amylose by Q-Enryme.—Fraction Q3 was 
1 from a sample of fraction Q1 which had been freeze-dried as described above It was dissolved 
in water (20 ¢.c. for each 100 cc. of potato juice used in the isolation of the enzyme) and gave a solution 
in which phosphorylase could not be detected by the method of Green and Stumpf (/. Biol. Chem. 
1942, 142. 355). This 03 solution (4-5c.c.) was incorporated in two digests (volame &)¢.¢.) similar to 
those used in the previous experiment. The control digest was found to contain 6-032 mg of free 
phosphorus, i¢., 06-0083 atom of phosphorus per C,H, unit. The second digest contained the same 
components as the control, together with 0-Im-lipotassium glucose-1 phosphate solution (1-0 ), 
i.¢., O81 mole of the Con ester per C,H,O, unit. The digests were incubated at 20-5" and aliquot 
portions were stained with iodine in the manner described above. Glucose-! phosphate did not influence 
the rate of fall of A.V. (6800 4). as is shown in Table III . 
Effect of Phosphorylase on the Rate of Conversion of Amylose by Q-Enryme.—The enzyme fractions 
P2 and Q3 had been freeze-dried in citrate buffer by the standard methods described in the ing 
= were dissolved as required in water (20 cc. for each 100 cc. of potato juice used in the 
tion of the enzymes), giving solutions which contained, respectively, 14-05 and 0-78 units (Green 
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and Stumpf) of phosphorylase per cc. These enzyme solutions were incorporated in two digests, 

oy vy in the usual way and having the conspositions shown in Table IV. The digests were incubated 

at 20-5" and, at intervals, aliquot portions (I c.c. « | mg. of amylose) were stained with iodine as usual. 

V, the presence of P-onzyme did not influence the rate of fall of 
LV. a) 


Taste Il. 
Effect of glucose-\ phosphate on the vate of conversion of amylose (B.V. 1°30) by Q-enzryme. 


Molarity of acetate Moles of Cori ester Fall (%) in A.V. (6800 a.) of amylose. 
buffer tn digest per CH,0), unit, 90 mins. 105 mins. 180 mins, 
ol Nil 731 78 
715 72-8 | 


Taste IV. 
Effect of P-enzyme on the vate of conversion of amylose by Q-enzyme, Composition of the digests, 


Volumes of component solutions, c.c 


Amylose 2M-Citrate 
Fraction (BV. bu tler Maltose 
3. (l4mge (pH 70) (3 mg cc). 
65 15 1-6 
i” 65 os 16 


Taste V. 
Effect of P-enzyme on the rate of conversion of amylose by Q-enzyme. 


Molarity of Units of P-enryme Fall (%) in A.V. (6800 4.) of Apparent con- 
citrate in (Green & Stumpf) amylose. version into 
Digest digest in digest 30 mins. 67 mins. 144 mins. maltose (%). 
A lot 763 24 
B 304 le 1453 663 82-9 


Effect of Glucose-\ Phosphate on the Degree of Branching of the Polysaccharide Produced from Amylose 
by Q-Encyme —Praction O03 was prepared from a sample of fraction O1 which had been dissolved in 
water and {reeze-ciried he Q3 sample was diasolved in water (20 cc. for each 100 ¢.c. of potato juice 
used in the isolation of the enzyme) and gave a solution in which phosphorylase could not be detected 
by the method of Green and Stumpf (loc. ct). This enzyme solution (4-5 ¢.c.) was introduced into two 
of three digests, which were prepared in the usual way; al! three contained amylose (20 mg ; BV. 1-30), 
maltose (8 mg }, and w-acetate buffer (pH 7-0, being sufficient to ensure complete ionic activation 
of the Q3) in a total volume of 24 ¢.¢. A second series of three digests (24 ¢.c.) was prepared, each 
containing, in adcditiog to the components already listed, 1m-dipotassium glucose-] phosphate 
(10 ce), te, O81 mole of the Corn ester per C,H,.O, anit in the amylose. These six digests 
were incubated at 20-5" for different times, and nN-acetic acid (5 c.c ) waa then added to each this lowered 
the pH to 47 and thas almost completely inactivated the Q-enzyme. To each digest a 02% solution 


Taste VI. 


Effect of glucose-\ phosphate on the degree of branching of the polysaccharide produced by the 
action of Q-enzyme on amylose 
Fraction (3 (free from P-cnzyme) + amylose (BV. 1-30) at pH 7-0 8-Amylolysis of product 
Time of incubation Mole of Cori Apparent conversion into atpH 47. Limit 
before the addition of ester per C,H .O, maltose (%,) at end of conversion into 
(hours) unit incubation maltose (%) 
Nil au 
Ost so} 
Nil a4 
ost 
Nil 13 
oo 45 


(10 «.c.) of sova- bean amylase was then added, the volume adjusted to c., and incubation continued 
until no farther increase in reducing power occurred. The liberation of maltose was followed by means 
of the Shaffer-Hartmann reagent, an! to the figures thus obtained small corrections were applied for 
the reducing powers of the orginal components of the digests. Table VI shows that the presence of 
glucose] phoxphate does not influence, within the experiments! error, the structure of the polysaccharide 
produced by Q-enzyme acting on amylose 


Fraction 
Ingest. Water. 
; A Nil 35 
B la 35 4 
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Action of Q-Emzyme om the Cross-iimhages of Amylopectin —The (3 traction eraployed was the same 
as that in the last experiment. Portions (4-6 cc.) of an aqueous solution (20 ¢.¢. for each 100 ¢c 
of juice userl in the isolation of the enzyme) of the enzyme wore introduced into three of four identical 
digests, which were prepared in the usual manner; all four contained amylopectin (20 mge.; BV © 215), 
maltose mg.) and m-acetate buffer (pi 74); bemg safficient fully to activate the enzyme) in a 
total volume of icc. A serves of four similar digests (3) cc.) was prepared, each contaming, in addition 
to the above componets, 3-334 «x 10*u-phosphate boffer (pHi 7-1, 4 o«j, 1°35 atoms of free 
per C,H ,,O, unit ia the amylopectin. The eight digesta were incubated at 204° fox 

flerent persxis, adjusted to pH 4-7 with acetic ackd, mixed with a 2%, solution (10 ¢.c.) of soya-bean 
— diluted to 0 <.c , and further incubated until maximum conversion into maltose had occurred 

e maltose liberated was estimated by the Shaftier-Hartmann method, allowance being made tor the 

reducing powers of the digest components. 


Taste Vii, 


Action of Q-enzyme on the cross-links of amylopectin, 
Fraction Q3 (free from P-enzyme) + amylopectin (BV. 6215) at pH 7-0 B-Amylolysis of product 
Time of incubation Moles of free phos- Apparent conversion atpH 47. Limit 


betore the addition phorus per anit inte i at conversion into 
pectin. end of incubation. 


of f-amylase (hours) in the amy 
Nu 


Table VII shows (i) that the ()-enzyme slightly mereased the degree of branching of the “ thymel"'- 
amylopectin by an amount consistent with the conversion of the small amylose imparity in the 
polysaccharide into amylopectin and (ti) that the presence of mineral phosphate did not influence the 
conversion 

Action of Q-Encyme on the Cross-linkages of (see preceeding paper), isolated 
from 100 ¢.c. of potato juice, was dissolved in @-2m-citrate buffer (pH 64; 13 ¢.c.) and freeze-dried 
When required, the powder was redissolved in water (100 cc), giving a solution which contained only 
0-014 unit (Green and Stumpf) of phosphorylase per ¢ ¢ 

The previous experiment was repeated using this enzyme solution with dextrin-A, prepared by 
Bamylotysis of thymol-amylopectin, as substrate. The results are shown in Table VIII 


Taste VIII. 
Action of Q-enzyme on the cross-links of dextrin-A. 


Fraction Q5 + dextrio-A at pH 7-0. lacrease is converdien 


Time of incuhation Moles of free phos- Apparent conversion inte maltose (%) during 
before the addition of phorus per C,H ,.0, into maltose (%,) at Bamylolysis at pH 

B-amylase (hours) unit i dextrin-A end of incabation 4-7 for 3) hours 

oo 

oo 

14 

20 
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22. A Study of the Action of Bromine on the Silver Salts of 
Organic Acids, 
By J. W. H. 


The action of bromine, dissolved in dry carbon tetrachloride, on the silver salts of five 
classes of organic acl has been investigated (1) Monobasic aliphatic acids are decarboxylated 
with production of monobromides. This reaction gives a promising method of preparing 
newpenty! halides. and is being further investigated (2) Monobasic aromatic acids give less 
monobromide, and considerable quantities of the ester (formed by the loss of two atoms of 
silver and one molecule of carbon dioxide, from two molecules of the silver salt), (3) Mono- 
baste aliphatic keto-acuis, having the keto-group in or beyond the 8-position, give about 50% of 
the monobromide, together with free parent acid and its bromination products. (4) Dibasic 
aliphatic ackls give dibronudes and jor lactones and bromo-acids, according to their structure. 
This reaction provides a method, better than any hitherto described, of obtaining alkylene 
dibromides where the bromine atoms are five or more carbon atoms apart. (5) Dibasic 
aromatic acids are sometimes unaffected by the reagent; others give some of the expected 
dibromide and larger quantities of the free parent acid 

Por groups (1) and (2), and for some acids of group (4), the main reaction products from one 
or more members have been fully identified, either as known crystalline substances or, where 
they are oils, by conversion into known crystalline derivatives. The essentially similar 
analyses and properties of the products from other members of these groups point to the 
reactions being parallel. In group (3) and in the remaining acids of group (4) this procedure 
has been omitted owing to the unsatisfactory nature of the reaction. In group (5) 
little reaction occurred and crystalline products were recovered 


a isoAmyladipic (T-methyloctane-| 4-dicarboxylic), m. p. 67-68", and a-isoamylglutaric 
3 duarborylte) acid, an oil, are 


Aw earlier paper (Oldham and Ubbelohde, J., 1941, 368) describes a new series of acyl 
derivatives of iodine prepared by the action of this halogen on the silver salts of aliphatic mono- 
basic acids in the entire absence of water. 

Although the action of bromine on the silver salts of the higher fatty acids has been studied 
by Mehta, Mehta, and Thosar (/. Indian Chem. Soc., Indian Edn., 1940, 137) and that on the 
half ecters of many dibasic aliphatic acids by Hunsdiecker and Hunsdiecker (Ber., 1942, 75, B, 
201), very little has been published on the behaviour of the silver salts of aromatic or dibasic 
aliphatic acids. The work of the German authors on silver sebacate and adipate is in good 
agreement with the work described below. The behaviour of the following groups of compounds 
is now described : (1) monobasic aliphatic acids, (2) monobasic aromatic acids, (3) monobasic 
aliphatic monoketo-acids, (4) dibasic aliphatic acids, and (5) dibasic aromatic acids. 

The advantages of the bromine reaction over the iodine reaction lie in the greater solubility 
of bromine, the greater speed of reaction, the production of fewer by-products, and the greater 
stability and jower boiling points of the bromo-compounds. The disadvantages are that 
with unsaturated acids it forms additive compounds, and with aliphatic keto-acids it has now 
been shown to form bromo-substituted derivatives with the consequent evolution of hydrogen 
bromide which, in turn, decomposes the silver salt to the original acid, causing a diminution of 
the yield. The choice of solvent for bromine is limited practically to carbon disulphide and 
carbon tetrachlonde. In apparent disagreement with Hunsdiecker and Hunsdiecker (loc. tt.). 
bad yields were obtained in carbon disulphide, large quantities of the acid being recovered 
unchanged. Carbon tetrachloride was used throughout the present work, although the closeness 
of its boiling point to that of the lower alkyl bromides made the isolation of these products 
laborious 

It has already been shown (Oldham and Ubbelohde, loc. cit.) that the reaction of iodine 
with the silver salts of the monobasic aliphatic acids proceeds according to the equation 


3RCO,Ag + 21, — > (RCO,),1 + 3Agl. . . (1) 


and that the unstable iodine acyls decompose rapidly in two ways simultaneously, the 
proportion of iodine present determining whether the ester, R-CO,R (hereafter referred to as 
the Simonini ester), or the alkyl! iodide, RI, predominate in the product : 

(RCO), RCO,R + RI + 200, 


+ 1, 3RI + 3CO, . (3) 
It will be seen from equation (1) that three equivalents of iodine suffice to convert all the silver 


present into silver iodide; if an excess of iodine is present, further reaction occurs according to 
equation (3). 
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With bromine, on the other band, it has now been shown that the reaction cannot be stopped 
at stage (1), no doubt because of the very great instability of the bromine acyls which, unlike 
the iodine acyls usually decompose rapidly at room temperature. For compounds of shorter 
chain length see Birkenbach, Goubeau, and Berninger (Ber., 1932, 65, 1339) and Bockemuller 
and Hoffman (4 nnalen, 1935, 519, 165) who indicate that the decomposition is even more rapid. 
Special experiments were carried out with silver hexoate and sebacate from which, the 
proportion of bromine being less than two equivalents to one of silver salt, the formation of 
Simonini ester would be expected according to equation (4), which summarises the equivalents 
of equations (1) and (2) : 


3R-CO,Ag + 2Br, RCO,R + RBr.+ 3AgBr + . 


Contrary to expectation, the reaction actually took place according to equation (5), which 
summarises the equivalents of equations (1) and (3) 


R-CO,Ag + Bry Riir + AgBr + CO, . (5) 


An equivalent amount of the silver salt was recovered unchanged. As both these salts gave 
similar results, only the experiments with silver hexoate are described. 

In spite of the precautions taken to exclude water, some of the free parent acid, as distinct 
from unchanged silver salt, usually appears in the products. This can be accounted for by 
equation } 

6R-CO,Ag + 3H,O + 3Br, —~> + SAgBr AgBrO, 


When the reactions were carried out under conditions of less rigorous drying, as much as 
50-60%, of unchanged acid was found in the product; it can readily be seen that in small-scale 
experiments the air in the vessel will contain as much water as in a larger-scale experiment 
carried out in the same vessel, and that this water will have a relatively greater effect on the 
reaction. 

In the detailed discussion which follows, the yields given represent the average trom several 
experiments, the results of which, while in close agreement, were never identical. The figures 
are percentages of the calculated theoretical yield, any unchanged silver salt having been 
allowed for. 

Group (1). Monobaste Aliphatic Acids.-—With silver ditsoamylacetate (2 8-dimethyinonane- 
5-carboxylate) and cyclohexanecarboxylate the actual yield of bromide was low; this may 
have been due to its volatility, as in these cases it was actually iselated; with the hexoate 
and 88-dimethylbutyrate however, the bromide was removed, along with the solvent, on 
drying in vacuo at 100°, its yield being calculated by difference. 


Group (1) acids. 


Silver salt 


£8- Dimethylbutyrate 13-2 alo a9 
Stearate and palmitate 93-6 so4 
cydoHexanecarboxylate . 575 6- 


Equation (5) accounts for almost all the reaction of monobasic aliphatic acids (see table) ; 
when a ring is introduced, as in the cyclohexanecarboxylate, more of the Simonini ester is formed, 
showing that reaction (4) is beginning to compete. 

This reaction provides a convenient method of preparing the hitherto rather inaccessible 
halides of ncopentane, since §$-dimethylbutyric acid is fairly easily prepared by the oxidation 
(best, by ozone) of ditsobutene. In view of the importance of these compounds this is being 
further investigated, 

Group (2). Monobasic Aromatic Acids.Bromobenzene is volatile in vacuo at 100", but it 
was isolated contaminated with less than 10%, of carbon tetrachloride. The low yield of benzyl 
bromide may be due to its volatility im vacuo at 100°, The results show that here reaction (4) 
is competing strongly with reaction (5). 

* In cases marked thus, the principal products have been completely identified, being themselves 


crystallised or converted into crystalline derivatives, In other cases identity was partly inferred by 
analogy 


Loss of Unchanged Bromide, Stmonins 
COs, acid, % %e ester, %- 
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takes an unusual course, the greater part of the product consisting of the tree parent acid, in 
spite of the fact that the conditions of rigorous drying were the same as in the other groups ; 
in this reaction bromine sabetitution also occurs, leading to the formation of a bromo-acid. 
Similar results were obtained with 3-ketononane-l-carboxylic acid. With iodine on the other 
hand, the Simoniat ester seemed to predominate in the product. 


Laas of Free ent Bromo- Bromide Simoni 
Silver salt % acid, %. ackd, %. % ester, %. 
9 Ketodecane l-carboxylate 424 45 395 Probably none 


Group (4). Diebasic Aliphatic Acids,--1f onty one carboxy! group of dibasic acids is replaced 
by bromine, a bromo-acid results. With symmetrical acids, such as adipic, only one product. 
4-bromovaleric acid can be formed ; with asymmetrical acids on the other hand, such as a-methyl- 
glutaric acid, there are two possibilities: y-bromovaleric and 4-bromobutane-2-carboxylic 
acid. The same considerations apply where one carboxyl group reacts with the halogen to give 
a lactone. Adipic acid could give only 4-valerolactone, while a-methyiglutaric acid could give 
y-valerolactone ot a-methyl-y-butyrolactone. 

The salts in the annexed table are arranged in sub-divisions according to the distance 
between the carboxy! groups 


Group (4) Acids. 
Silver salt, Dibromide, 
Sub-group A 
Sebecate * 
Axzelaate 
Pimelate 
Subgroup B 
Adipate 
Sub-group 
tsoAmylighutarate 
£A-Dimethylgiutarate * 
a Methylglatarate 
Glutarate 
Sub-group 
too Amy lswecinate 
Methy!succinate 
Succinate 
Sab-group 
Kenzylmalonate 


Sub-group A. Where the carboxy! groups are, five or more carbon atoms apart the reaction 
is more hike that of the aliphatic monobasic salts, the dibromide preddminating in the product, 
some bromo-acid being also formed. In the case of pimelic acid some products of an ester-like 
type are produced which are still being inwestigated (see Experimental section). 

Sub-group B. Here the yield of dibromide is diminished; the formation of a considerable 
quantity of lactone shows that, though both carboxyl groups apparently can react, 
the process tends to stop after one has reacted. this ia even more marked in the next sub- 
group, In these cases, equation (4) becomes modified, and the lactone instead of the Simonini 


ester wm formed 
gCH Ag + Bry > OC+CH,), CH, + 2AgBr 4+ CO, . . (7) 


Silver adipate could nat be dealt with by ordinary methods as, although the neutral 
fraction could be obtained by extracting the reaction product with aqueous sodium 
hydroxkle, all attempts to recover the acid resulted in extremely bad yields. The alkaline 


* See footnete, p 101 


102 
Loss of Recovered Brome, Simonins 
Silver salt % acud, %e ester, %. 
Beazoate .. 661 10-6 a 
Phenylacetate “ 745 53-7 210 
Nitrobennvate * iad 10-7 712 2o4 
Croup (3 Monobasc Aliphatic Monoheto-actds.—in this group, the reaction with bromine ; 
Bromo- Lactone, Free parent 
acid, % % acid, % 
73 

67 30 

20-2 

17 

461 

65 2s 

870 : 

. 146 

19-6 214 
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extraction method was therefore only used to determine the amount of bromo-acid present. 
The procedure finally adopted consisted in heating the whole of the carbon tetrachloride 
extract with hydrogen bromide in a sealed tube at 100°, whereupon all the lactone present was 
converted into the bromo-acid. The mixture could then be separated into acid and neutral 
fractions with a total recovery of over 95%. Both fractions were converted in good yield 
into their crystalline phenoxy <lerivatives, 

Further, silver adipate seems particularly hard to dry. On a 10-g. scale, 20-35% of the 
amount of adipic acid theoretically present in the original silver adipate taken was recovered 
from an acetone extract of the silver residues; at the same time these residues showed no 
appreciable oxklising power, which would be expected from equation (6). Por this reason, the 
amount of recovered adipic acid (calculated as silver salt) has been deducted from the original 
weight of silver adipate when assessing the figures quoted in the table. 

Sub-group C. Here the lactone is the chief product, showing that reaction (7) predominates. 

Sub-group D. Here no unimolecular lactone can be formed. There is however, some 
evidence for the formation of di- or poly-molecular compounds of the Simonini-ester type. More 
dibromide is formed than in the previous group. Nearly 50°, of the product was a complex 
mixture of acids, the nature of which has not so far been elucidated. 

Sub-group FE. Here the reaction appears to follow an entirely different course. Although 
only 10-15% of the carbon dioxide is lost, extensive bromine substitution occurs, the products 
being dark glasses or stiff syrups. This seems to indicate polymerisation, which most probably 
involves free radicals. These products darken greatly when boiled with alkali, and no definite 
compounds have been isolated from them, 

There is little evidence in group (4) that bromine reacts with one carboxy! group in 
preference to the other. Because of the absence of crystalline compounds in the reaction 
products from the unsymmetrically substituted acids, some of the lactone trom the silver 
a-soamyigiutarate reaction was converted tnto the amide which, if pure, would be expected to 
crystallise readily. The fact that the product coald not be induced to crystallise seems to 
indicate the presence of a mixture of amides, resulting from a mixture of lactones formed by 
the indiscriminate reaction of both carboxyl groups as follows (K = ssoamyl) : 


<— —> OCCHR-CH,<CH, 


Group (5). Dibasie Aromatic Acids.-—Results are recorded in the table. In the case of 
tsophthalate the figures for the loss of carbon dioxide and for dibromide refer to the small 
amount of product and take no account of the fact that the great bulk of the silver salt is 
unchanged. 

Group (5). Dibasice Aromatic Acids. 
Loss of Recovered Dibromide, Unchanged 
Silver salt actd, %. % silver salt, %. 
Terephthalate - - 98-0 
thalate 235-8 . 40? yaa 
Phthalate 200 10-1 ” 


With the phthalate, silver bromide is produced quantitatively, but the dark products 


of the reaction consist largely of unchanged acid; there ss also evidence that some bromine 
substitution has occurred. 


EXPERIMENTAL. 
General 
(Yields are expressed as weights-°%,, unless otherwise stated, and were determined to the nearest mg } 

Preparation of Silver Saits —The silver salts were prepared as described previously (Oldham and 
Ubbelohde, loc. eff), except that AnalaR sodium carbonate was used instead of ammonia solution. 
Analyses were within about 1% of the calculated values. 

Reachon with Bromine —Reaction was carried out in a current of rigorously dried air, previous! 
passed through concentrated sulphuric acid, sphoric oxide, and again concentrated sulphuric ac 
A concentrated sulphuric acid trap was placed at the exit. If these precautions are not taken, 50% or 
more of unchanged acid is recovered - 

The apparatus consists of an U-tube, one limb of which is connected directly to the air supply, the 
other by means of a three-way adapter to a reflux condenser which in turn is connected to the terminal 
sulphuric acid trap. The second limb of the adapter carries a di funnel, while the thard is used 
for the air stream, which can be passed either through the U-tube or stly into the adapter, by means 
of a T-piece provided with taps 

The silver salt is placed in the U-tube, through which air is passed for 1} hours, maintained at 
100° in a water-bath. (Precautions must be taken against the condensation of water round the joints 
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at the top of the U-tube) The water-bath is then removed, and the air is caused to pass directly into 
the adapter by use of the appropriate taps on the T-piece. An excess over the calculated amount of a 
15-18% solution of bromine im carbon tetrachloride (made up in bulk, and stored over phosphoric 
oxide) is added as quickly as possible through the dropping funnel, due regard being paid to the, sometimes 
vigorous, evolution of carbon dioxide) When the colour no longer fades, the red solution ts warmed for 
a lew minutes to ensure that the reaction is complete. Much longer boiling is sometimes necessary 
The mixture is then Sitered and the silver residues well washed with hot carbon tetrachloride 

Examination of the Silver Residue In quantitative work it is necessary to determine the amount of 
unchanged silver salt by extracting the silver residues with aqueous ammonia as already described 
(Oldham and Ubbelohde, jvc. ost). In the details given below the weight of silver salt recovered in 
this way has been allowed for 

Esamimaton of the Product —The filtered solution was evaporated on a water-bath and the residue 
usually dried m cacuo at lity In the case of the lower monobasic acids the carbon tetra- 
chiorwle distillate contains the bulk of the bromo-compounds and these must be separated by distillation 
through a column. The procedure thereafter varie various methods of separation were employed 
im each case, those ant in the individual experiments being the most suitable. Sometimes the 
product was distilled, generally the neutral and the acui fraction of the product were separated by 
extraction three times from ether with aqueous sodium hydroxide In the case of the higher fatty 
acids, alcohol must be added to this system which otherwise forms stable emulsions 

Any acids present are recovered by acidifying the alkaline extract with sulphuric acid, followed by 
extraction with ether; in the case of the dibasic ackls it is advisable to determine any bromine in this 
water, since some bromo-acids produced during the reaction are decomposed by cold aqueous sodium 
hydroxide 

The neutral ethereal solution contains the bromides, any ester of the Simonini type, and, in the case 
of the dibasic acids, lactones. The product, after removal of the ether, was dried im racuo at 100° 
and usually fractionally distilled. Fot the removal of lactones it was sometimes necessary to boil it 
with §/10-aqueous alcoholic sodium hydroxide 

Analyses.--The bromine content of the product was determined by the Stepanow method, except 
in the cases of the bromo-acids, for which titration with boiling x /10-alkali was usually sufficient. The 
carboxy! group was determined by titration with an excess of boiling N/10-alkah, followed by back- 
titration with w/10-nitric acid, and calculated as carbon dioxude 

Ytelds.-Yields quoted below for the crude products of the reaction are expressed as percentages 
of the weight of silver salt employed. Subsequent yields are calculated as percentages of the weight 
of crude product. The percentages of the theoretical yiekis have been given above im the tables and 
will not be repeated 


Details 


Group (1 Aliphatic Momobase experiments with silver hexoate. The two following 


experiments were designed to ascertain in what proportions bromine reacts with this salt. The 
quantities are expressed in g-equivs. The calculation was complicated by the persistence of a trace 
of water, which gave rise to reaction (6) in which one equivalent of free parent acid is produced by one 
equivalent of bromine. The amount of acid present, determined by titration, must therefore be deducted 
from the original amount both of silver salt and of bromine Any remaining bromine (determined by 
titratron) of silwer salt (determined as descnbed above) must also be deducted from the original amounts. 
The amounts that remain then indicate the proportions in which the ‘silver salt and the bromine have 
actually reacted The determination of excess of bromine calls for no comment, but in determining 
the acid the carbon tetrachloride solution should be well shaken with excess of n/10-aqueous alkali, 
the carbon tetrachloride removed, and the excess of alkali back-titrated with acid 

Use of am excess of brome ©485 10° -equivs. of silver hexoate and I? g.-equiv. of 
bromine gave 0-076 « 10? -equiv. of ackl, 105 lu? g equiv. remaining unchanged. Therefore 
the amount of silver salt used in the reaction was 0-485 ©-o768 0-400 = 10°% g.-equiv. and that of 
bromine 1-000 0-076 — 0-105 g-equiv. These figures are in the proportion of 
2. 1 and indicate that reaction (5) has indeed taken place 

ii} Use of am excess of vileer salt’ Silver bexoate (0-612) and bromine (1-00) produced acid (0-062) 
fall g-equiv ), 0-081 ¢ -equiv. of silver salt being recovered. Therefore the amount of silver 
salt is 0-612 468 and that of bromine used is 100 — 0-062 
equity These figures aleo are in the proportion of 2: 1, showmg that again reaction (5) has taken place 

Silver Aewoote. The low yield (39%) shows that the bulk of the product has been removed with the 
carbon tetrachloride and must therefore be the bromide. Found » CQO,, 27-09%, by cold titration, 31-2% 
by hot titration, Br, 48%. The cold titration corresponds to the presence of 73-6% of the free parent 
acyl (Cale. for yO, 37-09%) and the difference between the two titrations probably indicates 
the presence of 13-0%, of the Simonini ester (Cale. for C,,H,,O, > CO, 236%). The bromine content 
corresponds to the presence of 10-90% of amyl bromide 

The carbon tetrachloride distillate was recistilled through a column till the temperature of the 
vapour reached! $2 The bromine content of the residual mixture of amyl bromide and carbon tetra- 
chloride was 21-5%,. corresponding to a 46%, vield of amyl bromide, based on the original weight of 
silver salt By calculation, a 60%, yield would be expected, so presumably 33° of the product 
remained in the carbon tetrachlorule 

Sileee BB-dimethyiiutyrate. The bulk of the product (122%, yield) consists of the bromide (Found : 
CO, 183%, by cold titration, 21.5%, by hot titration). The cold titration corresponds to the presence of 
49-5%, of tree parent acid (Cale. for 379%), while the difference between the two 
titrations probably represents 13.5% of Simonini exter (Calc. for C,,HyO,: CO, 236%). The 
remaining 38%, of the product is undoubtedly the bromo-compound, but the bromine of seopentyl 
derivatives cannot be determined by ordinary methods For this reason the carbon tetrachloride 
distillate was not further examined 
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Silver diisoamylacetate. The yield of product was 746% (Pound: OO, 31%), of which 11-4 
was a solid ackl (Pound: CO, 22-1. Calc. for C\,H,,O,: CO, 220%). The neutral fraction (81 24% 

ve a distillate, b. p. 85-87 2 mm. (yield 53-4%,) (Pound: CO, 0) Br. 35-2. Cale. for C,,H, 

. 340%) The yield of reaidue was 12-5%, (Found: CO, 22. Br, 440 The (0), content may 
represent 17-7%, of Simoniniester. Calc. for CO, 12-4%) 

Silver stearate, The prodact (78-5% Found. CO, gave a solid acid fraction (5-5%) (Pound 
CO, 144%. Calc. for C,,H,,0,: CO,, 15-46%) and a neutral fraction (93-0%), 29-—30° (Found 
Br, 25-7. Calc. for CH, Br Br, 254%), the reskive from the evaporation of the mother-liquors 
having m. p. Pound CO, Br, 251%). The p. of l-bromoheptadecane is 32° 

Stiver The product (65-9%,. dried in vacwo at 60°) (Found: CO, 45%) gave 
a soli acid fraction (10-09%) (Found CO, 340. Calc. tor C,H yO, CO,, 343%) and a neutral fraction 
(88-0%,), which gave fractions, (i) b. p. 76——-77°/2 mm. (57-3%) (Pound” < O, 0. Br. 51-6. Cale. for 
C,H, Be Bir, 49-0%), and (ii) b. p. 70---B0" (15-89%) (Pound CO,, 6-7; Br. 31-68% This corresponds 
to a mixture of 642% of cycichexy! bromide, calc on the bromine, and 32-4)% of the Simonini ester, 
calculated on the carbon dioxkle values, Cale. for C,,H,,0,: CO, The residue (46%) wasa 
black tar. The loss in weight im this distillation is probably due to the volatility of cyclohexyl bromide 

Growp (2). Avomatic Monobasic Acids.—Siloer benzoate, The yield of product (Pound: CO,, 
20-1%,) was 32-40%. As phenyl benzoate ts very unstable to alkalis the ethereal solution of the product 
was extracted with aqueous aay hydrogen carbonate and gave a crystalline acid fraction (27 2%) 
(Found: CO, 30-9. Cale for C,H,O,: CO, 360%). The low value for CO, indicates the presence 
of 142% of non-acidic material, probably phenol, which in turn would represent 30-1%, of phenyl 
benzoate which has been hydrolysed even under these mild conditions The neutral fraction 9%) 
was partiy solid (Found: CO, 17-40%. This indicates the presence of 765% of phenyl benzoate 
Cale. for C,,H,O,: 22-24), the rest being probably bromobenzene. The carbon tetrachloride 
distillate was distilled through a column till the temperature of the vapour reached 81°. The amount of 
carbon tetrachloride remaining in the residuc was § 3, (Pound : Hr, 46-7%) making the yield of bromo 
benzene 26-1%, of the origina! silver benzoate 

Silver phenylacetate The product (579%) (Found: ©O, 79; Br, 305%) gave a solid acid 
fraction (14-4%) (Found: 30-6. Cale. for C,H,O,: CO,, 32:3%) and a neutral fraction (81-40%), 
yielding fractions, (i) b. p. T3-—80°/2 mm. (600%) (Found: OO, @8; Br, 449% The CO, content 
uuhicates the presence of 41%, of the Simonini ester Cale. for C,,H,,O,: CO, 194% Calculation 
on the bromine content gives 06-1% of benzyl bromide Cale. for ¢ tithe Bi, 46-7%,)}, and (ii) b 
80—130°/2 mm. (31-90%) (Found: CO, 96; Br, 23-2%. This corresponds to a mixture of 49-4% of 
the Simonini ester, calculated on the CO, and 49-99%, of benzyl! bromide, calculated on the bromine 
content). The loss in weight may be due to the volatility of benzyl bromide 

Stiver o-mitrobenzoate, The product (70-4%) gave a solid acid fraction (93%) (Pound = 25-0. 


for C,H,O,N : CO,, 263%) and a crystalline neutral fraction (89-4%) (Found: CO,, 2- Br, 


2-9%,). These figures correspond to a mixture of 83-49% of o-bromonitrobenzene (m. p. 41-5") (Cale 
for Br, 39-6%) and 17-40% of the Simonini ester (Calc. for C,,H,O.N,: CO,, 15-2%) 


substance softened at 32° and melted at 37-40 

Group (3). Aliphatic Monobase Monoketo-acids —Silver The product 
(72-1%) (Found: CO, 11-5. Br, 19-56%) was extracted from ether with sodium carbonate solution to 
give a largely solid acid fraction (47:3%) (Pound: CO, 214. Br, 3-7% This corresponds to a 
mixture of 87-1%, of the free parent acid (Cale. for C,,HyO,: CO, 22-40%) with 12-90% of its mono- 
bromo-derivative (Calc. for C,,H,,0,Br: CO, 15-7, Br, 28-6%), calculated from the bromine content ; 
or 84-2 and 155% respectively calculated from the CO, content. For the neutral fraction (46-90%) 
(Pound: Ct Dy 2-5. Br, 30-79%) the bromine content corresponds to the presence of 90-3%, of the bromo- 
compound (Calc for C,.H,,OBr: Br, 34-09%) 

Group (4). Silver Salts of the Aliphatic Dibame Acids In this group, the acid fraction is usually a 
mixture of the {ree parent acid and bromo-acid. The composition of the mixture was calculated from 
the CO, content, and also from the bromine content. In all cases these agreed within 3%, and the 
average value is given below 

Sub-group A. (i) Silver sehacate. The yield of product was61-3%. A further 0-9%, was obtained by 
extrac ting the silver residues with acetone, and this material, crystallised from acetone, had m p. 108—118" 
(Found: CO,, 27-7; Br, 2-3%); the nature of this substance, more of which was obtained from the 
main fraction, remainsobscure The acid fraction 6%) (Found ¢ 16 2; Br, 317%), on treatment 
with light petroleum, gave 7-9%, of a white crystalline substance, m. p. 116-—120° (Pound: CO, 33-7; 
Br, 0% This was doubtless the same as the product from the acetone extract described above 
An oil (91-7%) obtained on removal of the light petroleam was dissolved in ether and again extracted 
with aqueous sodium hydroxide; §-7% was obtained from the ether and was added to the main neutral 
fraction; 86-1% of an acid product was isolated which crystallised (m. p. 3!-—33") and was so soluble 
in all solvents that recrystallisation was unsatisfactory (Found: CO, 17-2; Br, 31-98%. Cale. for 
9-bromopelargonic acid (m. p. 36--36-5°), CO, 185: Br, 33-79%). The neutral fraction 
(90-2%) gave a distillate (948%). b p 1460°5 mm. (Found CO, ©; Hr, 503. Cale for 
C,H,,.Br,: Br, 588%). The dark residue (4-7%) (Found CO, 5-7: hr, 44-5%) was not further 
examined The products of the reaction contained 85-4% of the dibromide, 67% of the bromo- 
acid, 2-1%, of an unknown crvstalline acid, and 42% of a dark residue 

The distillate was treated with sodium phenoxide as described by Ssolonina (Zentr., 1809, 1, 26), 
giving a 99% vield of the diphenoxy-derivative, m. p. (after recrystallisation from absolute aloohol) 
84-86" (lit, 83—84"), while §-1% of impure crystals, m. p. 44-51" were obtained from the mother- 
hquors 

(ti) Silver azeladte. The product (642%) gave an acid fraction (86%) (Found: CO, 26-7; Br, 
25-6%). This corresponds to a mixture of 72-86% of the bromo-acid (Cale. for C,H,,0,Br: CO, 19-7; 
Br, 35-98%) and 27-2%, of azelaic acid (Calc. tor C,H,,0,: 46-8%) and a neutral trac tion (01-7%) 
which gave a distillate (899%). b. p. 125°/2 mm. Pound: CO, Br, 610. Cale. for C,H,,Br, 
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Br, 62-40%). The residue (73%) was not further investigated. The products contained 62.4% of the 
dibromide, 68%, of the brome-acid, and 2-2%, of azelaic acid 

(ti) Silver pumelate, The product (50-3%) (Found: CO, give an acid fraction (19 
\Pound : CO, 26-3, ir, 37-7 This corresponds to a mixture of 92-04%, of the bromo-acid (Calc 
CO, 22-5 Br, 41-0%) and of pimelic acid (Calc for C,H yO,: CO,, 55-0%)), The 
neutral traction (72:2%) gave a distillate, b. p. 120" /2 mm. (63-46%) (Found CO,, 6; Be, 71-5. Mainly 
CH Be Calc, Tr, 600%). The residue (35-56%) was boiled with aqueous alcoholic sodium 
hydroxide bat no very clear-cut results were obtained; the isolation of 85% of a neutral substance 
would seem to indicate the presence of a compound of the type of a Simonini ester, formed by the 
unsymmetrical lows of two molecules of CO, between two molecules of pimelic acid, such as 
The product of the reaction contained 45-8% of the dibromide, 17-86% of the 
dibromo-acid, 14% of free parent acid, and 256% of an unknown substance which is being 
further investigated 

Sub-group B. (i) Silver a-isoamyladipate, The product (542%) (Found. CO,, 13-5%) gave a 
distillate, b. p. 115-130" /2 mm. (441%). The CO, content (20%) corresponds to the presence of 7-4% 
of the lactone (Cale. for 259%); allowing for this, the Lromine content (53-90%) 1s 
revalued at 54-3%,, showing that the substance is mostly the dibromide (Calc. for C,H,,Br,: Br, 55-85%). 
The residue (53 om, (Found. CO, 21-7 Br, 17-6%) corresponds to a mixture of 55-3% of the bromo- 
ackt) (Cale. for CO, 17-5; Be, 31-8%), 41-7% of the lactone, and 3% of ssoamyladipic 
acid (Cale. for ¢ vt! 1g: COs, 47%). In this case also the residue was boiled with excess of alkali, 
giving results similar to those described for pimelic acid, the molation of 13-2% of a neutral substance 
indicates the presence of a compound of the Simonimi ester ‘ype The reaction products contauned 
407%, of the dibromide, 29-3%, of the bromo-acid, 16% of isoamyladipic acid, and 22:1% of 
lactone + Simeninilike compound. This is being further mvestigated 

(it) Silwer adipate. (a) The yield obtained in carbon tetrachloride was 20-5% (Found 16-4%). 
The silver resilues were extracted with hot acetone, giving a further 11-90%, of crystalline product 
(cf, p. 103) (Found: CO,, 553%), softening at 136°, m. p. 141-—146", unchanged on admixture with 
adipic acid. Aa it remained impure after recrystallisation from glacial acetic acid, it was converted into 
the ethyl ester and distilled (8%-5% yield) (Found: CO, 43-6. Cale. for CO, 43.5%). The 
residue was adark gam. The ester was hydrolysed to adipic acid (90-5%) (Found: CO, 502. Cale 
for CH 4O,: CO,, 62%), m. p. 151-153", unchanged on mixing with adipic acid. Allowance being 
made for this amount of adipic acid, the yield of other products in the carbon tetrachloride extract is 
wi, 

Although the neutral portion of the usual alkaline extraction could be isolated without difficulty, 
it proved impossible to isolate the acid portion in good vield The amount of bromo-acid present was 
determined by boiling the strongly alkaliae extract for 4 hour and determining the bromine content 
This was equivalent to the presence of 5-7%, of the bromeo-acid in the original carbon tetrachloride 
extract 

4) The crude prodact from the carbon tetrachloride was heated in a sealed tube for 2 hours at 100° 
with four times the theoretical amount of hydrogen bromide in glacial acetic acid and an excess of acetic 
anhydrule to destroy any water present, the product was evaporated to dryness mm vacuo at lio 
As the dibromide is considerably volatile under these conditions, the total distillate was flooded with 
water, neutralised with sodium carbonate, and extracted with ether, comparatively large quantities 
of the ditromile bemg recovered. The total yield of product was 1304%,. The alkaline extract 
thereof (all solutions were kept ice-cold) was run into achl. The acid fraction 


(521%) (Pound ¢ 26-5. Br, 443. Cale. for( 24:3; Hr, 44-2 fatied to cryvtallise, 


and its sulmequent identification ts described below The neutral fraction (45-29%) gave a distillate 
(71-86%), b. p. mm Analysis (CO,, 13-3; Lr, 5-4%) of the residue (24.2%) might indicate 
presence of 4bromobutyl &-bromovalerate (Cale. for C,H,,0,Br,: CO, 13-46; Br, 0%); this 
substance would easily have distilled under the conditions employed. As this material represented 
only 12-15%, of the reaction product, it was not further investigated The bulked distulates from 
several experiments were reclistilied (yield 93-74%), b. p. 75--85° 5 mm. (Found: CO, 0, Br, 71-3 
Cake. for C,H, Br, 74-00%), a residue (3-3%,) (Pound: Br, 31-0%) not being further investigated 

The pratucts of the reaction contained 31:1% of the dibromuide, 28-79%, of adipic acid, 22-8%, of the 
lactone, 40%, of the bromo-acid, and 10-1% of unidentified material. If the carbon tetrachloride 
extract only is considered, these figures become 42:3, 32-0, 5-7, and 142%, respectively 

The distillate was converted into |: 4-ciphenoxybutane as described above (yield 92-40% of theory). 
Recrystallisation from absolute alcohol yielded crystals, m p. 90-100 (lit, 99 The mother-liquors 
ywlded 15-0% of material, m p. 30-—40 

The bromeacid was heated with twice its volume of thionyl chloride on a water-bath, and then 
treated cautrously with a small quantity of alcohol, evaporated to dryness im at 100° (yield 3%) 
(Pound CO, 22-9, Br, 33-7. Cale. for C,H,,O,Br: CO,, 22-1; Br, 382%), and distilled (distillate 
717%. b p. 100-~105°'5 mm. ; residue: 76%, of a black tar \s treatment of the ester with sodium 
*henoxtde in aloohel gave a very poor yield of the acnl (presumably owing to the formation of §-valero- 

tone), it was boiled in acetone with the acetune compound of sodium phenowide (Segaller, ]., 1914, 
106. it? Two treatments with this reagent removed the bromine completely. In this case hydrolysis 
ale) oceurred, the acel, and no d-valerolactone being formed Ethyl é-phenoxyvalerate (59-09% 
of theory) (Pound: CO, Br. Cale. for C,yH,,O,: CO,, 19-89%) was isolated by removing 
the acetone on a water ath, shaking the residue with water-ether, and washing the ethereal layer 
with sxtimm hydroxude solution This was hydrolysed with aqueous-aleoholic sodium hvdroxide 
and. as the setution became cloudy on removal of the alcohol, it was extracted with ether, from which 
& 2%, of a neutral crystalline compound was obtained in insufficient quantity for further work. The 
solution was then acidified and extracted with ether, yiekling 96:1°% of the calculated amount of 
S-phenoxyvaleric acid (after allowance for the neutral substance mentioned above), mp. 62—63”. 
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The substance was too soluble in all solvents to be satisfactorily recrystallised, but an being i 
between filter paper had m. p. 63-65" 66") (Found: CO, 21-9. Cale. for C,,H 22-64%). 
More acid (impure) was recovered from the alkaline washings from the ester, these were bulked, acidified. 
neutralised with potassum hydrogen carbonate solution, extracted 3 tumes with ether to remove phenol, 
again acklified, and extracted with ether. The yield of impure dark acid was 32-44%. making the total 
yieki 93-3% of theory (Pound : CO, 20-86%) 

The bromo-ester was treated with excess of ethy! sodiomalonate, hydrolysed by alkali, decarboxylate! 
at 180-200", and dried caewo at 100". This gave of pimelic m. p. 101-104" (after 
recrystallisation from benzene) (Found: CO, 534. Cale. tor C,HyO,: 550%). unchanged on 
mixing with an authentic specimen. The mother-hquors yieklied 360%, of impure product. The some- 
what onsatisfactory yield of pumelic acad is a feature common to many decarboxylations of malonic 
derivatives 

Sub-group C. (i) Sileer The product (45-90%) (Pound: CO, 194; Br, 246%) 
gave a distillate, b. p. 110--120°/2 mm. (67-09%) (Pound: CO,, 2-3% by cold titration, 176% by hot 
titration; titratable Br, 42%; total Br, 25:1%). The bromune content by titration agrees with the 
CO, content by cold titration to indicate the presence of 12-44%, of the bromo-ach! (Calc. for C,H, .O, bir 
CO, 186; Br, 337%). The remaining 15-34% of CO, corresponds to 54-24%, of the lactone (Calc. for 
CHO. CO,, 28-2% With allowance for these factors the bromine content of the remainder is 
revalued at 62:7% (Calc. for C,H,,fr, Br, 588%). Analysis (CO, 266; Hr, 168%) of the residue 
(201%) corresponds to a mixture of 499%, of the bromo-acid, 266% of the lactone, and 23-64%, of 
a-tsoamyigistaric acid (Calc. for gH CO,, 43-5%). To confirm this the residue was boiled with 
excess of alkah, whereupon it gave 11-8, of a neutral substance, which was not further examined, 
16-85%, of bromine, and 694%, of an acid (Found: CG, 32-6%), corresponding to a mixture of 71-39%, 
of the lactone and 287% of ssoamyighutar« actkd. The expected amount of e-tseamylglutaric acid was 
11-68%, bet the neutral material could corre apond to a further 15-94%, of this acid. The reaction 
products consusted of 22.6%, of the dibromide, 22-09%, of the bromo-acid, 49-56%, of the lactone, and 2.8% 
of ssoamyigtutaric acid 

(ti) Silvers The prodoct (20-2%,) (Found: ©O,, 284; Br, 151%) was boiled 
with a slight excess of \/1(-aqueous-alcoholic sodium hydroxide, giving a neutral fraction (21-6%) 
(Pound: CO,, 1-4; Br, 65-7%), the CO, content of which corresponds to the presence of 36%, of the 
lactone (Calc. for C,H,,O, > CO, 385%}. With allowance for this, the bromine content of the remainder 
becomes 682%, (Calc. for C,H,Br,: Br, 69-90%). The ace! fraction (61-5%) (Found: CO, 39-44, 
The aqueous portion contained 11-4%, of bromine which corresponds to 27-86%, of the bromo-acid (Cale 
for C,H,,O,Br: CO, 22-5; Br, 41-0%)) gave a distillate, b. p. 80°/2 mm. (845%) (Pound 
CO,, 384%). Io spite of its good analysis the distillate crystallised badly, and a cold titration showed 
CO, 15% The residue was 11-24% (Found: CO, 42-5. Cale. for 88-dimethyighutaric acid, C,H,,0, 
CO,, 550%). The reaction products consisted of 20-58%, of the dibromide, 27-8% of the bromo-acid, 
36-5°,, of the lactone, and 65% of B8-dimethylalotaric acid 

(in) Silver a-methylgiutarate, The product (31-7%) (Found: 36-69) gave a distillate, b. p 
6580" mm. (763%) (Pound: CO, 36-7; Br, 124% This corresponds to a mixture of 63-6% of 
the lactone Cale for C,H,O,: CO, 440%) and 16-46% of the bromo-compound (Calc. for C,H, Fr, 
Br, 749%). The bromine content (17-7%) of the residue (21-79%) (Pound: CO, 346%) indicates 
the presence of 40% of the bromo-acid (Cale. for C,H,O Br: ©OO,, 243; Br, 44-24%) with 60% of the 
lactone, but such a mixture would require CO, 361%. The reaction products conssted of i2 5% of 
the dibromide, 5-2% of the bromo-acu!, and 76-1%, of the lactone 

liv) Seloew glutarate. There was no evidence of the presence of trimethylene bromide. The 
product (24-4%) gave a distillate, b. p. 70-80" /2 mm. (54-09%) (Found: CO, 44-4; Br. 100%) These 
values indicate a mixture of 83-6% of the lactone (Cale. tor C,H CO, 51:1%) and 16-4% of the 
dibromide (Calc. for C,H,Br,: Br, 7@2%). Thev do not agree so well with any mixtare containing 
the bromo-acid The residue (36-4%) (Found: OO, 62-2; Hr, 0%) is a mixture of the lactone and 
7-0%, of glutaric acid (Calc. for CJH,O,: CO, 666%). The reaction product consisted of 7-2% of the 
dibromide, 70-6% of the lactone, and 2-4%, of glutaric acid. The deficiency shown by these figures is 
posmbly due to the loss of the volatile dibromide 

Sub growp DD. (i) Silver The product (607%) (Found: 13-7; Br, 35-49%) 
gave a neutral fraction (71-40%) (Found: CO, 7-1: Br, 446%), b. p. 2 mm. (63-7%) (Found 
CO, 43, Br, 65-4%,), and a residue (35-49%) (Found: CO, 11-0; Br, 266%), presumably consisting of 
products of the Simonini-ester type. The CO, content of the distillate indicated the presence of an 
ester. a lactone being impossible The distillate was therefore boiled with aqueous-alcoholic ~/1)- 
sxdiam hydroxide, to give 70-2% of a neutral material [Found CO, 0-8: Br, 61 Mostly dibromide 
(Cale. for C,H,,Br,: Br, 62-0%)) and of an acid (Pound; CO, 245%). The residual aqueous 
solution contained 6-5% of bromine. The CO, content of the acad could correspond to that required by 
a dihydroxy-acid (Calc. for C,H,,0,: CO, 20%). To confirm this it was treated with silver oxule 
and ethyl! rodide, but it gained only 11-2%, in wembt. The CO, content however proved to be 17-34%, 
which is close toe that required by the ethyl ester of a diethoxy-acid (Cale. for C,,H,.O, CO, 169% 
The acid fraction (260%) (Found: CO, 24-1; Br, 17-7%) was a complex mixture from which no 
definite product could be isolated. The products of the reaction contained 31:7%, of the dibromo- 
compound 

(it) Stleew methyleuccinale. No dibromide could be found in the carben tetrachloride distillate 
The product (285%) (Pound: CO, 20-56%) gave a neutral fraction (600%) (Pound: CO, 14-4; Hr, 
57-32%), b. p. 110-—115° /2 mm. (58 Found: CO, 7-9; Br, 58-8%) probably mostly the dibromide 

for C,H, Br, : Br, 79-2%,) mixed with an acidic substance of similar nature to that obtained from silver 
moamviseceinate The resxiue (40-09%) (Found 17-7; Br, 50-1%) was not farther investizated 
The acid fraction (36-56%) was a complex mixture from which no definite product could be tsolated, 
The reaction products contained a maximwm of 26-49% of the dibromo-<compound, which woul! be 
lowered if the ester in the neutral fraction itself cogtained bromine. The rest of the product was indefinite. 
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(iit) Sileer puceimate, The reaction mixture required 1) hours’ boiling. Fractionation of the carbon 
tetrachiorile disclosed no ethylene dibromite Dispolution of the product (20-2%, yield) (Found 
COs4, 469%) in ether gave 37-77%, of succime acid (Found: CO, 746 Calc. for CO,, 745%). 
The material (61-0%) (Found CO, 326, Hr, 391%) from the ethereal solution was again dissolved 
im ether, the soletewon was washed 3 titnes with water, and the washings were extracted with ether. 
Titration of the water showed CO, 4) 3. 89%, of material (Found: CO, 309, Br, 43-1%) was 
recovered from the ether The bromine content corresponds to the presence of 82-45%, of the bromo- 
acid (Cale. for Br: CO, 287, Br, 522%), and 17-5% of a substance containing 41-1% 
The nature of the latter, as of the substance in the water, remains obscure. The reaction product 
contains 44-6% of bromo-acid, and 37-7%, of succinic aced 

sub-group ()} Silees bensylmalemate. The reaction mixture was boiled for § hour, and the silver 
resktue well washed with hot carbon tetrachloride and then hot acetone. The carbon tetrachloride 
solution yielded 140%, of a stiff syrup (Found: CO,, 21-1; titratable Br, 31-6%). The yield of product 
from the acetone was 642%, (Pound CO, 246°; titratable Hr, 27-4, total Br, 38-1%): it was a glass, 
insolaiie in ether The analysis shows that only 120% of “CO,” content had been lost, and that 
extensive bromination had occerred, some of the bromune having apparently even entered the ring 
Treatment with alkali caused greai darkening. even in the cold, and nothing but dark syrups or glasses 
could be isolated 

Growp (5) Aromatic Dibane Acids.—-Silver terephthalate. The reaction mixture was boiled for 
3 hours with occasional addition of more bromine Examination of the silver residues by standard 
methods showed the presence of only 24%, of silver bromide, 98-00% of the silver salt being recovered 
unchanged. Analysts of the product (58%) showed CO, 192%. Bromobenzox acid C,H,O,Br 
requires CO,, 21-8%,, but as the product did not crystallise there can have been none of this acid present 
There was too little product for further investigation 

Silver wophthalate. The mixture was boiled for 3 hours. The silver residues were extracted with 
het acetone m addition to carbon tetrachloride. The yield from both extracts was 13-6%, (Found 
CO, 268%, The neutral fraction (183%) was not further examined, but was probably the dibromide 
The acid fraction (80-3%) (Found: CO, 36-09%). m p. > 300°, was boiled with benzene, in which ts0 
phthalic is insoluble, and Gitered. The crystalline residue (Found 520. Calc. for C,H,O 
CO, 40%), was wot further examined. Analysis of the silver residues indicated the presence of 21-6 
of silver bromide, showing that 75-4%, of the salt was unchanged. The reaction products appeared to 
conmst of 37-7%, of tsophthahe acid and 15-7% of a neutral substance, probably the dibromide, the 
rest of the product being unwlentitied 

Silver pathalate, The mixture was boiled for 4 hour. The carbon tetrachloride gave 34-7% 
of material (Found: ©O,, 25-7%). A farther 12-41%, were obtained by extracting the silver residues 
with hot acetone (Pound CO, 44-90%), this being dark and having m. p. 19)—-200", unchanged by 
admixtare with phthalic acid (Cale. for C,HO,. CO, 53-00% The main product was extracted from 
ether with aqueous sodium hydroxuie, leaving a neutral fraction (182%) (Found: CO,, 0; Br, 62-6 
Cale. for C,H Br, 48-3%, The dark acid fraction (80-99%) (Found: CO, 30-0°%,) was purified 
by treatment with atlver oxice and ethyl todide, to give an ester, b. p. 155—170° 2 mm. (887%) (Found - 
CO, 26:3; Be, 12-90%). The residual black tar was not furtherexamined The distillate was hydrolysed 
and the acidified solution (4) extracted with chloroform. um which phthalic qcid uw insoluble, the vield of 

rtly crystalline product was 27-79% (Found CO, 157%) Dibromobenzoic acid (Calc. for 
CO, 151%) is a strongly crystalline substance. Further extraction of (A) with ether 
yielded an otf (601%) (Pound: CO, 39-90%). which when rubbed with chloroform afforded phthalic 
acti tm. p. and mined m. p.); 62-4% of the ether-extracted material was recovered from the chloroform 
mother-hquors (Found: CO, 27-3%, This reaction gave 13-3% of the dibromide, 26-8%, of phthalic 
acid, and a number of unidentitied acidic products 

Note on the Purity of the Acids used —Azelaic acid was made from Kahlbaum s monomethy! azelaate ; 
stearee am! palmitic acids were Kahibaum’'s and Schuchardt’s respectively. The following were pure 
commercial prodacts: hexoic, benzoic, nitrobenzoic, phenylacetic, phthalic, isephthalic, terephthalic, 
adipic, and succinic ackl, The sebactc acid. being coloured, was recrystallised once from glacial acetic 
ackl The keto-actis were made by Ruzicka and Stoll’s method (Hele. Chim. Acta, 1927, 10. 691) 
The other acids were made from ethy! malonate 

d acid. Ethy! socdiomalonate was treated successively with ethyl y-bromobutyrate 
(from ethyl sodiomalonate and 2-phenoxyethyl bromide) and tseamvl bromide, and the product then 
hydroivsed, decarboxylated, and purified by re-estertfiication and distillation (Found : CO, 40-8. Cale 
for Cy, NgOQ,: CO, 40-79%); it had m. p. 66-—6"" and gave a silver salt (Found: Ag, 50-1. Calc. for 
C,H, O,Ag,: Ag, 502%, 

d acid, Ethy| socdiomalonate was treated successively with ethyl 8-bromopropionate 
and ssoamy! bromide; the product, isolated as above, failed to crystallise, even on long storage (Found 
CO, 434 Cale. tor C,H,,O,: CO,, 43-5% The silver salt was also analysed (Found: Ag, 51-0. 
Cale. for C,H ,.O,Ag,: Ag, 51-90%) 
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23. Chemotherapeutic Diamidines. The Sulphur Analogue of 
4: 4'-Diamidinostilbene. 
By Lupwic Baver and J. Crymerman. 


Preparation of di-p<yanopheny! disulphoxide (I11) is described 


Attempts to synthesise 
di-p-amidinopheny! disulphoxide (1), 


a sulphur analogue of 4. 4’-diamidimostilbene, by 
interaction of (111) with ammonium thiocyanate, ammonium benzenesulphonate, and ammonium 


benzenesulphonate and ammonia gave. in every case, di-f- amitinopheny! disulphide, which has 
been prepared also by interaction of di-p-cyanopheny! disulphide with ammonium thiocyanate 
and by the Pinner method by way of the 4° 4-dilcarboryimune ethyl ether) dibydrochloride 
Application of the Pinser method to (111) gave its 4. ethyl ether) but alcobolic 
ammonia yielded only the disulphide diamudine. Reaction mechanisms are discussed. Heating 
the di-imino diethyl! ether dihvdrochiorides afforded the corresponding diamides. 4° 4'-di-(p-N 
pacnylamidinophenyl) diswiphide debemzenesulphonate was prepared, but attempted preparation 
of the disulphoxide analogue from (III) gave a deep- blue compound of unknown structure 
Ultra-violet absorption spectra of aromatic disulphictes and diselphoxides have been determined 


Tue chemotherapeutic properties of diamidines are well known (Lourie and Yorke, Ann. Trop. 
Med. Parasit., 1937, 31, 435; 1939, 33, 280; King, Lourie, and Yorke, Lancet, 1937, 2833, 136), 
the aromatic diamidines, in particular, showing pronounced antibacterial activity (Ashley, 
Barber, Ewins, Newbery and Self, /., 1942, 103; Wien, Brit. J. Pharmacol., 1948, 3, 211). 
Replacement of carbon by sulphur in many organic compounds of biological interest has yielded 
sulphur analogues of lower toxicity and equal or increased activity (Steinkopf and Ohse, A nnalen, 
1924, 437, 14; 1926, 448, 205; Warren, Marsh, Thompson, Shelton, and Becker, /. Pharm. 
Exp. Therap., 1943, 79, 187; Dann and Moller, Ber., 1947, 80, 23) and it was thus of interest to 
attempt the synthesis of di-f-amidinopheny! disulphoxide (I), a sulphur analogue of 4 : 4"-di- 
amidinastilbene (11) which has outstanding trypanocidal activity (Ashley al., loc, 

The required starting material, di-p-cyanopheny! disulphexide (I11]}, was obtained by 
Cymerman, Koebner, and Short (/., 1048, 381) in low yield as a by-product in the preparation of 
p-cyanobenzenesulphinic acid. its attempted preparation from the sulphinic acid at 80--90° 
in the presence of hydriedic acid and sulphur dioxide (Otto, Ber, 1882, 15, 121; Smiles and 
Gibson, /., 1924, 180; von Braun and Weissbach, Ber., 1930, 63, 2836; Hilditch, J., 1910, 1096) 
gave only an acidic hydrolysis product, presumably di-p-carboxypheny! disulphoxide, in 90%, 
yield, while the action of concentrated hydrochloric acid on the sulphinic acid at 25° for 3 days 
vielded the disulphoxide (55%) accompanied by the corresponding diamide. However, hydro 
chioric acid at 0° during 2—-3 days readily afforded 70°, of pure (III); the mother-liquors 
contained p-cyanobenzenesulphonic acid, isolated as the p-folu:dine salt in 45% yield, in agreement 
with the accepted mechanism (1) for the formation of disulphoxides from the sulphinic acids 


(Otto, Ber., 1876, 9, 1639; Pauly and Otto, sbid., 1877, 10, 2181; 1878, 11, 2070, 2073; von 
Braun and Weisshach, loc. cit.) 


Synthetic methods available for the preparation of the required diamidine included the 
well-known Pinner synthesis (Pinner, Ber., 1877, 10, 1889; cf, Derby, Amer. Chem, J., 1908, 39, 
437) through the imino-ether, and the recently-developed fusion methods using ammonium salts 
such as the benzenesulphonate (Oxley and Short, ]., 1946, 147) and thiocyanate (Iartridge and 
Short, ]., 1947, 390). 


NH, 


Nil 
< A 
NH” Nu, 


3R-SO,H + + H,0 


Interaction of the disulphoxide (III) with ammonium thiocyanate at 180° (method A) gave 
a solid diamidine showing an intense colour in the Fuller reaction (Fuller, Nature, 1944, 154, 773), 
and affording an 82°5%, yield of a dihydrochloride hemihydrate (m. p. 316°) and from this an 
anhydrous salt (m. p. 310—-311°) which gave analytical figures corresponding to di-p-amidino- 


phenyl disulphide dihydrochloride. Further confirmation of the nature of the product was 
afforded by the preparation of the dibenzenesulphonate, dipicrate, and dibenzoate dihydrate. 
This diamidine has been reported by Ashley ef al. (loc. eit.) who obtained it by the Pinner 
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synthesis from di-p-cyanopheny! disulphide and report m. p. >300° for the dihydrochloride 
dihydrate. In our hands the action of alcoholic bydrogen chloride on di-p-cyanophenyl 
disulphide (Baner and Cymerman, /., in the press) gave (method D) (diphenyl disulphide)- 
4: 4'-dilcarboxyimine ethyl ether} dihydrochloride in quantitative yield, and dry alcoholic 
ammonia converted this into the diamidine which gave a dibenzenesulphonate (53%, yield) 
and dihydrochloride identical with those obtained from method A. 

In order to examine the validity of the ammonium thiocyanate method in this case, interaction 
of di-p-cyanopheny! disulphide with this reagent was investigated (method £) and found to give 
the expected dibenzenesulphonate (35°, yield), identical with that obtained from method A. 

Attention was then turned to the alternative method of preparation using ammonium 
benzenesulphonate in the presence of ammonia gas (Oxicy, Partridge, and Short, /., 1948, 303). 
By this method the disulphoxide (111) at 180° (method B) afforded 51°, of the dihydrochloride 
obtained in method A. 

Finally, fusion of the dmwulphoxide (III) with ammonium benzenesulphonate alone at 250— 
255° (method C) yielded 81%, of the dibenzenesulphonate uientical with that obtained by 
method A. The aqueous mother-liquors afforded benzarmmdine-p-sulphonic acid (m. p. > 360°) 
giving an intense amidine test (Fuller), completely soluble in sodium hvdroxide solution (20%), 
and precipitated from this solution by hydrochloric acid (cf. Remsen and Muckenfuss, Amer, 
Chem. ]., 1896, 18, 354 Disulphoxides are often regarded as reacting as the “ thiolsulphonates 
SR rather than as the symmetrical disulphoxides (Gibson, Miller, and Smiles, 
J. 1925, 1821; Gilman, Smith, and Parker, J]. Amer. Chem. Soc., 1925, 47, 851; cf. however 
Fromm and Palma, Ber, 1906, 39. 3308: Hinsherg, Ber., 1908, 41, 2836, 42904; 1900, 42, 1278) 
They are hydrolysed by alkali to a mixture of the disulphide and sulphinic acid (cf., inter alsa, 
Pauly and Otto, loc. cf.; Bulmer and Mann, J., 1945, 683); this has been variously postulated 
to proceed through the thiol (Otto and Rossing, oc. cit.), by hydrolytic fission (Zincke and Farr, 
Awnaien, 1012, 391, 55), through the sulphenic acid (Fromm, loc. eit.; Zincke, Annalen, 1914, 406, 
103), or by an oxidation-—reduction mechanism (Zincke and Farr, loc. etf.), the overall reaction 
in every case being : 

+ 2H,O >» 4R-SO,H + RS‘SR (2) 


The yields of di-p-amidinopheny! disulphide obtained by methods 4, B, and C, however, all 
greatly exceed the theoretical figure calculated from reaction (2). {t was shown by Halssig 
U. pr. Chem... 1897, 56, 213) that the formation of disulphide and sulphonic acid from ¢ sulphinic 
acid takes place, not only in an acidic environment, but also readily on warming the mixture in 
the presence of ammonia or by the action of heat on an ammonium sulphinate, according to 
reaction (1 Under the expermmental conditions used, reactions (1) and (2) are thus consecutive 
and complementary, the net equation being (3) ; 


SRSOYSR 2H,O >» SRSSR + (3) 


The expression (3) accounts satisfactorily for both the nature and the quantities of the two 
products obtained in methods B and The yields of diamidine obtained by method 4, 
however, still exceed the theoretical amounts calculated from equation (3). 

Ihsulphoxides are readily reduced to the corresponding disulphides by a variety of mild 
reducing agents (Hinsberg, Joc. Smiles and Gibson, loc, cit Miller and Smiles, ]., 1925, 
224) according to reaction (4); since ammonium thiocyanate, which at the reaction temperature 
(180°) exists as a mixture of thiourea, ammonia, hydrogen sulphide, and thivevanic acid 
(Reynolds and Werner, /., 1003, 1; Atkins and Werner, /., 1912, 1172; Krall, /., 1913, 1379), 
would be expected to possess reducing properties, direct reduction to the disulphide probably 
occurs durng the reaction in method (4), the net reaction (5) being, in this case, a summation of 
(3) and (4). Calculation on this basis shows excellent agreement between the theoretical and 
experimental yields in method 4 


+H, -—> 2R-SO,H + RSSR 4) 


+ SH, IRSSK + 2RSOYOH + 2H,O (5) 
Since it had so far proved impossible to obtain the desired compound (1), the Pinner method 
was next applied to di-f-cvanopheny! disulphoxide (method F). Reaction with alcoholic 
hydrogen chloride readily afforded a theoretical yield of (diphenyl disulphoride)-4 
ethyl ether) dihydrockionde (V) and trom this the crystalline hewmnAydrate of the free base. 
With ethanole ammonia the imino-ether hydrochloride gave quantitatively the diamidine 


dibydrochlonde obtained by method 4. The extremely ready conversion of disulphoxides in 
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alkaline solution into the disulphides and sulphinic acids (equation 1) has been noted by many 
workers (cf. Kharasch, Potempa, and Wehrmeister, Chem, Remews, 1946, 39, 328; Otto and 
Kossing, loc. cf.), a8 has their contrasting stability in acid (Zincke and Eismayer, Bev., 1918, 51. 
751). After treatment with dry ammonia in ethanol at room temperature the disulphonide (111) 
was recovered quantitatively even after two weeks, but interaction in ethylene glycol at 180° 
afiorded, as sole product, 56°, (calculated from equation 3) of di-p-cyanophenyl disulphide. 
The ready conversion of the imino-ether hydrochloride (I'V) into the disulphide is thus surprising 
and must be occasioned by the labilising effect of the cationic iminium group on the thiol- 
sulphinate system in (IV), especially in view of the weak donor ability of sulphur compared with 
oxygen (Gordy and Stanford, /. Amer, Chem. Soc., 1940, 62, 498; Copley, Marvel, and Ginsberg, 
ibid,, 1939, 61, 3161). 


The melting point of (diphenyl disulphide)-4 : 4'(-dicarboxyimino ethyl ether) dihydro- 
chloride (268—-270°) lies very close to that of the corresponding diamide (278"), and it was found 
that the action of heat (180°) on the former gave an excellent yield of the latter. By this 
reaction (diphenyl disulphoxide)-4 : 4'-di(carboxyimino ethyl ether) dihydrochloride afforded 
quantitatively di-p-carbamylphenyl disulphomide. This decomposition (reaction 6) by heat or 
storage is mentioned by Pinner (loc, ct.; ef. Shriner and Neumann, Chem. Reviews, 1944, 35, 
357), and Derby (loc. cit.) describes the isolation of benzamide from benzimino ethyl ether 
hydrochloride. 


—» + Etc 


Benzenesulphonates of imino-ethers appear not to have been described. Although benz- 
tmino ethyl ether benzenesulphonate was obtained in excellent yield as a crystalline solid, 
application of the same method to (IV) gave an uncrystallisable oil. 

Ammonolysis of N-arylamidines to give the unsubstituted amidines according to equation 
(7) has been described by Pinner (Joc. cit.; cf. Shriner and Neumann, loc. cif.) and by Oxley and 
Short (this vol., p. 449) and, since it occurs at a temperature lower than that required for the 
formation of an unsubstituted amidine from the corresponding cyanide, the possibility of obtaining 
(1) by this route, through the corresponding di-N-phenylamidino-compound was examined, 
Di-p-cyanophenyl! disulphoxide and aniline benzenesulphonate (2 mols.) at 180° afforded a 
quantitative yield of a magnificent dark blue solid, which gave analytical figures for di-(p-N- 
phenylamidinophenyl) disulphoxide dibenzenesulphonate and showed solubilities in agreement with 
this structure. The material, softening at 100°, gave a blue solution in alcohol or acetone, from 
which it was reprecipitated unchanged by ether. Attempted preparation of the base by aqueous 
or alcoholic alkah was unsuccessful even after long refluxing. Ammonolysis of the blue material 
by gaseous ammonia, without a solvent or in ethylene glycol, at 180° for 6 hours gave only 
unchanged material. 


RCCRH)-NHR’ + <= NHR (7) 


That the blue compound was not the corresponding disulphide derivative was shown by 
synthesis of the latter. Keaction of d'-p-cyanopheny! disulphide and aniline benzenesulphonate 
at 220° gave di-(p-N-phenylamidimopiemyl) disulphide dibenzenesulphonate as a white crystalline 
solid, m. p. 108°. Halssig (loc. cit.) reports that at 160—200° aniline toluene-p-sulphinate 
afforded a magnificent dark blue material which was physically and chemically similar to the 
blue product described above. Moreover, Halssig states that action of heat on the p-toluidine 
and o-toluidine salts of the same acid gave, respectively, a reddish-violet and a bluish-violet 
dye of very similar nature. 

Heating a mixture of di-p-cyanopheny! disulphoxide and aniline did not give the blue dye, 
which was however obtained immediately by the addition of aniline benzenesulphonate to the 
melt. A mixture of diphenyl disulpboxide and aniline benzenesulphonate, when heated, also 
gave a deep-blue dye, and it was then found that a blue dye could also be produced from aniline 
benzenesulphonate alone by heating this to a higher temperature (260-—300") for a longer time, 
The nature of the blue dye was not further investigated 

In view of the ready conversion of disulphoxides into the corresponding disulphides and the 
resulting dependence on accurate analytical data, the ultra-violet absorption spectra of the 


112 Bauer and Cymerman : Chemotherapeutic Diamidines. 


compounds described above were determined (in alcohol) in order to investigate whether a 
generalisation capable of distinguishing between the two structures could be discovered. 

Aromatic disulphides (p-R-C,H,’S}, (Table) have >,.,, at 2410 a. when R « H or Me (cf. also 
Fox and Pope, J., 1913, 1263; Lyons, Nature, 1948, 162, 1004; Koch, this vol., p. 394), and the 
introduction of an unsaturated bond inte the group R causes a bathochromic and hyperchromic 
displacement of + 300-—400 a. (Pig. 1). 


Pie. Fic. 2 Fic. 3 


24 
AA A.A A.A 

1. Diphenyl disulphide —2. Ini-p-toly! disulphide.—3 Di-p-cyanopheny! disulphide. —4. Di-p-amidino- 
Phemyl disulphide dibemsene sulphonate (Li phewyl dissed phide)-4 -da(carbosr yamine ethyl ether) dihyvdro- 
chloride —6. Di phenyl disulphoside.—-7. Di-p-cyanophenyil disulphoside. (Diphenyl disulphoride) 4. 4’- 
di(carboxyimime sthyl §=ather) hydrochloride Di-p-carbamylphenyl disulphoxide.—-10. Diphenyl 
disulphouide dijimine ethyl ether). 


The corresponding disulphoxides p-R-C,HySO,S-C,H,R-p (Table), in which one sulphur 
atom is devoid of unshared electrons, have i,.,, at 2300 a. when K = H, while the bathochromic 
and hyperchromic displacement caused by the introduction of an unsaturated centre into the 
group K of the disulphoxides is much smaller (+ 150 to 2004.) than it is for the corresponding 
disulphides. The disulphoxides examined show a characteristic marked inflexion at 2720 
2000 a. (Figs. 2 and 3) 


Absorption spectra of disuiphides, and disulphosides, p-R-C HySOyS'C Hy R-p 
Disulphide Disulphoxide 
Ames. 108 Cas 
3 


NH, HC! 2540 2568 

2670-2730 2430. 2440 

2460 

° 


CONH, 2400 — 2440 
2830 
Inflexion 


\ 
\\ \\ 
\ \ \ 
\ \ 8 
» \ i} 
\2 \ | 
1 
| 
Me 4.29 
440 
3.85 
4-40 
309 
3.06 
4au4 
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Examination of the ultra-violet absorption spectra thus not only affords valuable confirmatory 
evidence of the structure of (1V) but also makes it possible to distinguish readily between 
aromatic disulphides and disulphoxides. 


EXPERIMENTAL. 


Di-p-eyanophenyl Lisulphoside —A solution of sodium f-cyanob Iphinate (18-9 O1 mol.) 
in water (135 cc.) was cooled to 0° and acidified strongly with concentrated’ hydrochionc acid (250 ¢.c.) 
The solution was set aside at ° for 2 days, saturated with salt, and extracted with chieroform. Removal 
of solvent from the washed and dried nye ),) chloroform extracts and crystallisation of the residue 
from alcohol gave white needles (7 g., 70%) of di-p-cvanopheny! disulphoxide, m. p. 158-159" (Cymerman, 
Koebner, and Short, loc. ct. give m. p. 158-—159") 

The onginal aqueous mother-liquors after extraction with chloroform were evaporated to half-bulk 
m vacuo and filtered, and the filtrate was treated with a solution of -toluidine (7 g.) in hot dilute 
hydrochloric acid cc). Cooling to 0° gave white plates (4 ¢., 45%) of p-foluidine p-cyano- 
bensenesulphonate (Found: N, #55. C,,H,,O,N,S requires N, 09-65%), m. p. 241°. undepressed on 
admixture with an authentic specimen (mp. 241°) prepared from p-cyanobenzenesulphony! chloride 

in-p-amidinophenyl A. (a) A mixture of di-p-cyanopheny!l disulphoxide 
‘45 ¢) and ammonimm thiocyanate (11 ¢., 10 mols.) was heated at 180° (bath temperature) for 3 hours 
with stirring. The cooled melt was then extracted with boiling water (300 ¢.c.) and filtered, and the 
filtrate basihed at 0° (ice) with sodium hydroxide solution (10n.). The precipitated diamidine was collected 
on a funnel, washed with ice-water, aad dissolved in the minimum amount of boiling hydrochloric acid 
Cooling afforded white needles of dt-p-amidinopheny! disulphide dihbydrochlonde hemibydrate 
$2-5%), m. p. 316° (Pound: N, 146; HyO, 2-1. requires 144; HO, 236%). 
Drying at 120° gave the anhydrous salt (Found: 45.1 fi: N, 168, 14-75. C,,HyN,C 
requires ©, 445; H, 43; 14-90%), p. 316-311 

(6) The base precipitated from a fusion identical with that of (4) was dissolved in the minimum of hot 
aqueous benzenesulphonic acid On cooling, disulphide dibencene sulphonate separated 
(6-75 g., 97%) as white needles, m. p. 253—254° (Found: C, 503; H, N, & ON, 5, 
requires C, 50-5; H, 42; N, 905%) 

(c) Equivalent quantities of the diamidine dihydrochloride and sodium picrate in the minimum of hot 
water were mixed and the quantitatively-formed yellow precipitate was recrystallised from aqueous 
Jethoxyethanol, giving the dipiwrate as yellow needies, m. p. 257" (decomp). (Found: N, 18-35. 

(h Addition of excess of sodium benzoate solution to a solution of the dsamidine dihydrochloride and 
recrystallsation of the white precipitate from methanol-ether afforded white crystals of the dibenzoate 
dihydrate, m. p. 250" (dex omp Found : C, 68-05, 54-1; 4-85, 5-05: 965,04 2H,0 
requires 57-75; H, 515; N, 06%) 


Method B. (a) A mixture of di-p-cyanophenyl disulpbhoxide (6 g | and ammonium benzenesulphonate 
7 ¢., 2 mols.) was stirred at 180° (bath) in an atmosphere of ammonia for 7 hours, the mixture becoming 
mobile after 2-3 hours It was extracted with boiling water (400 cc), the filtrate basified at 0° (ice) 
with sodiam hydroxide solution (10s) and the base washed with ice-water on the filter. Dissolved in 
the mimmum of hot dilute hydrochloric acid (Sy }, it gave on cooling white needles of di-p-amidinophenyl 


disulphide dihydrochloride (2-3 g., 51%), m. p. 310-311" (decomp), undepressed on admixture with the 
substance (m. p. 31-311") from method A (Found: C, 46-8, 46-5, 45-1, H, 42, 405, 4-5: N, 16-35 
14-35%, 
6) An identical fusion, followed by dissolution of the base obtained in benzenesulphonic acid afforded 
the dibenzenesulphonate, m. p. 253-255" (4-4 @ , 65%), as white needles (Found: C, 407; H, 4-7; N, 
85%, It did not depress the m. p. of a sample (m. p. 253-254") from method 4 
The dipicrate was obtained as very small yellow crystals (from 2-ethoxvethanol), m. p. 259° 
decomp.) (Found: N, 17-75%), undepressed on admixture with the substance (m. p. 257°) from 
method A 
d) The dibenzoate dihydrate was obtained as white crystals, m. p. 249° (decomp) (Found 
C, 681; H, 475; N, 933% A mixed m. p. with the material (m. p 250°) from method A was 
undepressed 
Method CA mixture of di-p-cvanopheny! disulphoxide ( ¢) and ammonium benzenesulphonate 
14 ¢.. 4 mols) was heated at 2%)255° for 2 hours The reaction mixture was extracted with boiling 
water, and the filtrate on cooling deposited white needles (6 ¢., 81%) of the dibenzenesulphonate, m. p 
(Found: C, 515, H, 44; N, undepressed on admixture with a sample (m. p 
253-254") from method A. The aqueous mother-liquors on evaporation to dryness im vacuo left a solid 
resklue (12 q) from which ammonium benzenesulphonate was removed by extraction with cold water 
leaving a white solid (2 ¢., 62-5%,) crystallising from hot water in needles, m. p. 360°, of benzamidine-> 
sulphonic acid (Found: N. 13-85. Cale for C,H,O.N,S: N, 140%). Remsen and Muckenfuss (Amer 
Chem. 1806, 18, 353) give m. p. 360 
Method D. A solution of di-p-cyanophenyl disulphide (0-9 g.) in dry chloroform (20 cc.) and dry 
alcohol (10 ¢ c.) was saturated with hydrogen chloride at 0° and set aside at room temperature for 4 days 
Addition of dry ether gave (diphenyl disulphide)-4 4’-dt(carboryimino ethyl ether) dihydrochloride (1-4 
96%) as a white microcrystalline solid, m. p. (sealed tube) 268-270° (decomp) after foaming at 120 
65 CLS, requires N, 6-5% 
ydrochlorxd was suspended in dry alcohol (20 ¢.c)} saturated with ammonia at 0°, and 
set aside for 10 « coholic solution was poured into dry ether, the precipitate dissolved in dilute 
hydrochioric acid mverted, wia the base, into the diamidine dibenzenesulphonate (0-75 ¢., 53%) 
m. p. 252-255 N, $ 95%). which did not depress the m p. of a sample (m. p. 243-254") 
prepared by method 4. This was converted, via the base, into the dihydrochloride, m p. 310—311 
I 
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(Ashiey, Barber, Ewins, Newbery, and Self, he. cit, give m. p > 300°), which did not depress the m. p. of 
the material (m. p 316--311% obtained by method A 

Method E. A mixture of di-p-cyanopheny! disulphide (2 ¢.) and ammonium thiocyanate (6 g.) was’ 
heated at 180° (bath) for 3 hours with stirring. Working-up as described above (method A) afforded 
white needles (1:6 ¢.. 35%,) of the dibenzenesulphonate, m i 253-255", undepressed on admixture 
with a sample (m. p. 253-254") prepared by method 4 (Founk N, #6, & 5% 

The picrate crystallised from acetone-lght petroleum (b. p. 40-460") in yellow needies, m. p. 255° 
(decomp.) (Found: N, 1% 1%), which showed no depresmon when mixed with the substance (m. p. 257°) 
frum method A 

Method ¥. (a) A solution of di-p-<yanopheny!l disulphoxide (6 g.) in chloroform (70 c.c ) and absolute 
alcohol (40 ¢ ©) was treated with dry hydrogen chiorile at 0", set asvle at room temperature for 5 days, 
and then shaken for 6 hours. Additwn of dry ether afforded (diphenyl disulphowide) 4: 4'-di(imino 
diethyl ether) dihydrochloride (02 g 100%,) as a white solid, m. p. (sealed tube) 225-—230 (decomp alter 
foaming at 120°, and forming a meniscus at 275-—280° (Pound: C, 45-0; H, 49, N, 625. 
requires C, 46-5: H, 47; N. 60%) 

(6; A mexture of this dihydrochioride ), anhydrous potassium carbonate (0-5 ), and chloroform 
(50 ¢.¢.) was shaken with water (25 ¢.¢.}, and the chloroform layer separated. The aqueous phase was 
extracted with chloroform, and the combined extracts dried (Na,SO,). Removal of solvent to small bulk 
and addition of light petroleum (b. p. afforded white cubes of (diphenyl disuiphoside)-4 4'- 
di(carboryimine ethyl ether) hemibydrate, m. p 220° (decomp.) (Found: C, 53-9; H, 5-6; N, 675, 6-55. 
requires C, 53-9, 53; N, 70% 

A solutvon of the dihydrochloride obtained m above (45 ¢.) in absolute alcohol (50 c.c.) 
saturated with ammonia at 0° was allowed to stand for 6 days. Addition of ether gave the crude 
dumidine dihydrochloride (40 100%) which after purification cia the base had m. p. 310—311*, 
undepressed on admixture with the compound (m. p. 310-311") from method A. This was converted 
inte the dibenzenesalphonate, m p. 253-254" (Found: C, 41; H, 46, N, 895%) which showed no 
depression with the compound (m. p 253-254) from method A 

Disuiphide —A small quantity of diphenyl disulphide 4: 4’-di-imino diethyl 
ether dihydrochloride was heated at 180° (bath) for | hoer fhe residue, crystallised from acetic acid, 
gave white needles of di-p-carbamylpheny! disulphide, m. p. 276—277 A mixed m. p. with an authentic 
specimen (MeClelland and Warren, /.. 1930, 1102, 278") gave no depression 

Di-p-carbamyiphenyl phoside —tHeated at (bath) for hour, the disulphoxide di-uminoether 
dihydrochiorie (0-5 g.) allorded 0-48 g. (100%) of di-p-carbamyiphenyl disulphoride as a white micro- 
crystalline sold, m. p. 225-230" (decomp.), forming -a meniscus at 275--280° (Found: N, 8-35. 
yO NS, requires N, 835% 

Action of Ammonia on Di-p-cyanophenyl Disulphossde —A solution of di-p-cyanophenyl disulphoxide 
(*5 g.) in ethylene giveool (10 <.c.) was kept at 180° for 2 hours in an atmosphere of ammonia. The 
solution was couled, poured mto water, and extracted with chloroform. Removal of solvent from the 
dried chloroform extracts afforded a residue (0-15 ¢ ) which when purified by sublimation (0-01 mm.) and 
crystallisation from chiorotorm-light petroleum (b. p. 40—60°) had m. p. 165-—168", undepressed on 
admixture with di-p-cyanopheny! disulphide (m. p. 172--173"). A mixture with the starting material 
(m. p. 157.—158") gave a 30° depression in m. p 

he pN phenviamidinophenyl) Lisulphoside Dybenzenesulphonate —A mixture of di-f- yanophenyl 
disuliphoxide (6 ¢) and aniline beozenesulphonate (10 g., 2 mols) was heated at 180° (bath) for 2 hours, 
the mixture becoming mobile alter 0 5 hour and then viscous after 1-4 hours The cooled reaction mixture, 
recrystaliined trom alouhol-cther, cave a deep-blae salt (16 100%), softening at 1)" (Found: N, 7-0. 
Cygh,,O,N,5, requires N, 70% It was soluble in methanol or acetone, moderately soluble in alcohol, 
sparingly soluble in tsepropancl of water, and insoluble in ether 

Unsulphide mixture of di-fp-cyanophenyl 
disulphide (0-1 @) and aniline benzenesulphonate (0-38 g.) was heated at 220° (bath) for 2 hours 
Extraction with boiling water afforded, on cooling, white prisms of the diben renesuiphonate, im p. 108 
(Found: N. 685.655. requires N 5° 

Rensimino Ethyl Ether --Equivalent quantiter the benzimino-ether hydro- 
chiortle and potassium carbonate in the minimum amount of water were mixed and the free base was 
at once extracted with ether The dried (Na,SO,) ethereal solution was added to a solution of benzene- 
sulphonic m methanol Looling gave colourless needles, 1 p. 137°, of ethyl ether 
benzeneiuiphonaie (Found: N, 46. C,,H,,O NS requires 46-55% 


This work was carried owt under the auspices of the National Health and Medical Research Council, 
to whom thanks are due for dnancial assistance The authors also thank Miss J. Fildes for microanalyses 
and br WF. Short for kindly affording facilities for a number of microanalyses, 
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2. The Synthesis of Long-chain Aliphatic Acids from Acetylenic 


Compounds. Part I. The Synthesis of a Geometrical Isomer of 
Herculin. 


By R. A. and Praxz Sonpuemer.* 


Attempts to synthesise the insecticide herculin (1; configuration about the double bonds 
unknown) are described. The diacetylenic analogue (VI) and the 
analogue (XV) have been prepared by the methods indicated in the scheme on p 116. Partial 
hydrogenation of these compounds gave the tsobutylamile of Tices)-<diene-1- 
carbonylic acid here uke) this was not identical with the natural insecticide 


A puncint N-isobuty! unsaturated acid amide has been isolated from the bark of the southern 
prickly ash, Zanthoryvlum cavaherculis L., by Jacobson (J. Amer. Chem, 1948, 70, 4234). 
The substance, which was shown to have the structure (I) (N-sobutylundeca-1 ; 7<liene-1- 
carboxyamide), has approximately the same order of paralysing action and toxicity to house 
flies as the pyrethrina, and is also toxic to several other species of insects. When the synthesis 
of a compound of this structure is considered, it becomes apparent that any one of four 
configurations is possible according to the geometrical isomerism about the double bonds 
(trans-trans, trams-cis, cis-trams, and cis-cis). No speculation about the configuration of the 
natural compound was made by Jacobson 

We have synthesised. by two routes a compound of structure (1), possessing the crs 
configuration about beth double bonds; this, however, was not identical with natural herculin, 
and the latter must therefore have one of the three remaining configurations 

When octa-] 7-dryne (prepared from tetramethylene dibromide and sodium acetylide 
as described by Bader, Cross, Heilbron, and Jones, ]/., 1949, 619) was treated first with 1-1 moles 
of sodamide in liquid ammonia, and then with propyl iodide, the required monoalkylation 
product undeca-1 . 7-deyne (111) was obtained in 86%, yield (allowing for the recovered starting 
material). This type of differential condensation of a diacetylene has been found to be of general 
apphecability, and it has been employed im other syntheses (Sondheimer, forthcoming 
publication; Leese and Kaphael, forthcoming publication). The Grignard complex of (111) 
was carbonated with solid carbon dioxide at atmospheric pressure to give wndeca-1 . 7-diyne-1- 
carboxylic acid (IV) (S-beneyi{hterontum salt) in 65% vield, the structure of which was confirmed 
by hydrogenation to lauric acid. Heating (1V) ander reflux with oxalyl chloride (cf, Adams 
and Ulich, J. Amer. Chem. Soc., 1920, 42, 599) produced the acid chloride (V) which on treatment 
with excess of ssobutylamine furnished the crystalline diacetylenic N-isobutyl-amuide (VI) in 
excellent yield. When this absorbed two moles of hydrogen in the presence of a palladium- 
calcium carbonate catalyst, N-isobutylundeca-i(cis) 7(cis)-diene- -carboryamide (cis-cis-hereudin) 
(1) was obtained as a homogeneous liquid 

The formulation of this compound, and others deseribed below, as the cis-cis-isomer, is 
based on many recorded observations regarding the catalytic hydrogenation of triple bonds 
(inter al., Bourguel, Bull, Soc. chim., 1929, 4, (4), 1067; Stoll and Rouvé, Hele. Chom. Acta, 
1938, 21, 1542; idem, Ber., 1940, 73, 1358; Campbell ef al., /. Amer. Chem, Soc., 1941, 68, 216, 
2683; Chem. Reviews, 1942, 31, 90; Lauer and Gensler, /. Amer. Chem. Soc., 1045, 67, 1171; 
Ahmad, Bumpus, and Strong, iid., 1948, 70, 3391). However, infra-red absorption has 
indicated that this type of hydrogenation (employing a palladium calcium carbonate catalyst 
at room temperature) may also give rise to a small proportion of the trans-isomer (Sondhemer, 
forthcoming publication for convemence this fact is neglected in the nomenclature of the 
hydrogenation compounds described in this paper 

Alternatively, the acid (IV) was partially hydrogenated to 
carboxylic acid (VIL) (S-benevithiuromium salt). The structure of this acid was confirmed by 
its light-abserption properties, the intensity of absorption at 2160 a. being double that of the 
unchanged acetylenic acid (1V) (cf. Braude, Ann. Neports, 1045, 42, 105; Haynes and Jones, 
J., 1946, 503 Heating this acid under reflux with oxalyl chloride gave the corresponding acid 
chioride, which, undistilled, reacted with tsobutylamine to product an excellent yield of (i), 
identical with that obtained above. 

The second route to cis-cis-herculin (1) employs the differential reaction of a mixed dihalide 
with a sodium acetylide (cf. Henne and Greenlee, ]. Amer. Chem. Soc., 1945, 67, 484. Ahmad, 
Strong, ef al, sbid., 1948, 70, 1609, 3391; Newman and Wotiz, id., 1949, 71, 1292) 


* This work was started independently by the two authors; when this was realised, it was decided 
to publish the results jointly 
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Condensation of propy! iodide with sodium acetylide (this must not be made from sodamide ; 
see Experimental) in liquid ammonia gave pent-l-yne, which, because of its volatility, was not 
isolated, but converted into its sodium salt by addition of | mole of sodamide. Reaction with 
1-chloro-4-bromobutane (prepared from tetrahydrofuran as described by Newman and Wotiz, 
loc. ext.) gave (VIII) im 64%, yield. Refluxing the chlero-compound with 
sodium iodide in acetone gave the iodo-compound (IX) which was condensed without 
purification with sodium acetylide in liquid ammonia. The undeca-1: 7-diyne (III) thus 
obtained in 44%, yield had identical physical properties with that obtained above 
Partial hydrogenation of the acetylenic chloride (VIII) in the presence of a palladium- 
calcium carbonate catalyst, or better Raney nickel, gave |-chloronon-5(cis)-ene (X), which when 
heated under reflux with sodium todide in acetane yielded the iodide (X11) The crude iodide 
was condensed with sodium acetylide in liquid ammonia whereby wnadec-7(cis)-en-l-yne (X11) 
was obtained in 62°, yield (based on (X) Carbonation of the Grignard complex of (X11) at 
atmospheric pressure gave wdec-7(cis)-en-l-yne-l-carhorviic acid (XIII) in 57% yield. The 
acid chloride (XIV), prepared by refluxing the acid with onalyl chloride, was condensed with 
excess of tsobutylamine and N-isobutylandec-7(cis)-en-l-yne-l-carboryanude (XV) was formed 
Partial hydrogenation in the presence of a palladium-calcium carbonate catalyst then gave 
herculin (1), having physical properties identical with those of (1), prepared as above 
analogue (1), obtained by these routes, was a colourless liquid, which could not 
be induced to crystallise, whereas natural herculin is a crystalline solid, m. p. 59-60 Moreover 
it was quite stable at room temperature, whereas natural herculin (Jacobson, joc. ctf.) has been 
reported to be unstable under these conditions Again it shows none of the physiological 
properties (1 ning taste, etc.) described by the American author 
he structure of (1) was rigidly confirmed by complete hydrogenation to the crystalline 
N-isobuty!l-lauramide, and by potassium permanganate oxidation, whereby the three fragments 
butyne, adipic, and N-sobutyloxamic acids) were isolated in yields very similar to those 
obtained by Jacobsen (loc. cit.) for the natural herculin 
The three herculin analogues, cis-crs-herculin 1: 2-dehydro«is-herculin (XV), and 
1: 2:7: &tetradehydroherculin (V1), are being tested by Dr. RK. A. E. Galley of the Agricultural 
Research Council for insecticidal properties, and the results will be recorded later 
Attempts to convert both the cis-cis-acid (VII) and the cis-cis-N-«sobutyl-amide (I) into the 
trans-trans-compounds by various methods have so far been unsuccessful Thus even when 
the acid (VII) was heated with selenium at 200° for,]0 minutes (cf. Ahmad, Bumpus, and 
Strong, /. Amer. Chem. Soc., 1948, 70, 3391), it was recovered unchanged. It is known however 
that the partial reduction of an acetylene with sodium in liquid ammonia leads to the frans- 
ethylenic compound (Campbell and Eby, /: Amer, Chem. Soc., 1941, 63, 216, 2683, Campbell and 
Campbell, Chem. Reviews, 1942, 31, 90. Sondheimer, forthcoming publication Application 
of this method to the analogues (VI) and (XV) should furnish the Ilfran Titvans)- and 
litran Ticts)-herculins. It is now considered that the latter isomer will most probably be 
identical with the natural compound (cf. the short discussion presented in the following paper 
regarding the stereochemical configuration of the closely related insecticide, pellitorine), and 
further rk on these compounds is now in progress in these laboratories. Moreover the 
methods described in this paper are being used for the synthens of the various possible 
steremsomers of other related insecticides, and the preparation of a geometrical omer of the 
insecticide pellitorine is described in the following communication 
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7 Aad : T-diyne in ether (20 cc 


C, 67-25; 745; 
The acid ta ethyl 


y! chlorate was removed at the water-pump _ the temperature being kept below 60° The residue 
distilled to ve the acid (3-4 ¢,) a0 0 mobile pongent liquid, b. p mm., 
considerable polymerisation occurred, and only a very poor yieid of the required acid chloride was 


7 (V1) —-A solution of tsobu 4-5 in dry ether 

10 cc.) was added dropwise daring 5 minutes to the diacetylenio acid ide (V) (2-6 g.) im ether 

10 ¢.c.), with ice cooling and continuous shaking. After | hour at room temperature, reaction 

mixtore was diluted with more ether and washed with dilute sulphuric acid, sodium hydrogen carbonate 
solution. and water. The dried extract was evaporated to give t N (2-05 ) 
as 4 colourless liquii. which completely solidified on had m. p. 45-47". One 
crystallisation from light petroleum (b 47.48", not raised by further 
crystallisation (Found C, 7735; H, le N, 5-65, requires 77-7; H, 12; N, 56-65%). 

N t cis) im) (1) from (V1) —-The diacetylenic 

N-dsotutyl-amide (VI) (1-14 @) in ethyl acetate (20 cc.) was shaken with hyd in the presence of a 
m-calkciam carbonate catal hydrogen (222 cc. at 
768 mm) had been absorbed was distilled 
ve (0-91 as a colourless b. p. 140-142" /10°* mm., 1-4838 {Possd : 

(cts) Acid (Vil). ~The diacet vienic (IV) (4-68 ¢) 
acetate (20 cco.) was shaken with hydrogen in the pr ofap carbonate 
(O3 2% Pd) entil 2 moles of hydrogen (1174 «c. at ie /771 mm had been absorbed (no 
the calcium carbonate substrate with the acid was detectable). The catalyst was filtered off, the solvent 
evaporated, and the residue distilled. This gave the diethylenic acid (4-3 g.) as a colourless id, 
b p. 108.100" /10°* mm... wf 1-4740-—1-4742 (Pound: C, 739. H, 10-55. requires C, 73-45; 
163%). Light absorption: 13,700 (A, 21604). The it crystallised from 
acetate in plates. m. p. 120-130" (Pound: N, 785. ires N, 

ethylenic acid (1-4 (VII) and oxaly! chloride (3-6 g.) were heated under reflux lhour The excess 
of oxaly! chlorkle was removed at the water-pump, and dry benzene was added to the residue, which 
in tdiwn at the water-pamp to give the crude acid chloride (1-65 g) as a yellow pungent 

A solution of isobutylamine (2-7 «) im dry ether (10 ¢.c.) was added dropwise di 5 minutes to 
the crude chloride (1-63 in ether (10 with ice-cooling and continuous After 
20 minutes, the prodluct was isolated as described above, and distillation gave cés-cis-herculin (6g), 
b p 145-146" mm... of} 14826-16827 

(5-5 g.), in small pieces, was added to liquid ammonia (300 ¢.c.) 
through which acetylene was bubbled. with stirring and cooling (alcohol-carbon dioxide), at such a rate 
that the blue colowr just disappeared before the next piece of sodium was added The acetylene flow 
was eee at the exact moment when the blue colour disappeared after the last piece of sodium had 

this ensured that no excess of acetylene was mt in solution), and propy! iodide (41 *) 
radually added The reaction mixture was stirred for 4 hours, and a suspension of sodamide 
hagas! ammonia (150 ¢.c.), prepared from sodiom (5-8 ¢) by aid of the ferric nitrate catalyst, was an 

1 in portions with strong cooling. The mixtere was stirred for another | hour, and |-chioro-4- 
bromobutane (41 g.) was added dre The reaction was completed by stirring and cooling for 
another 12 hours, and ammonium chloride (15 was added The ammonia was 
the steam-bath, waterand ether were added to the reskiue, and the ethereal layer was washed successively 
with water, dilute sulphuric acid. sodium hydrogen carbonate solution. and water. The dried extract 
was evaporated, and distillation of the resiktue gave unchanged ¢ butane (5-3 ¢ } a= 
(Pound C, 684, H. C,H, requires C, 68-1; H, 955%) 

In another experiment, propyl bromide (45 ¢.) was added toa solution in 
ammonia (400 <¢), prepared by passing acetylene through a (from sodium, 
= «.. with the ferric nitrate catalyst). As the complete conversion of oe into sodium acetylide 

is not accompanied by a well-defined colowr change, the presence of excess of dissolved acetylene in the 


was 

in 

and 

carbon diousle was added and the mixture was set aside overnight. The sold was decomposed 

solution. The latter extract was washed wit eS Se ae See This last 

ether extract was dried, evaporated, and the residue distilled adeca-| 

was obtained as a colourless liquid, b. p. mm., aff | (Pound C, 75-3; 

CHO, requires C, 166; H, &4%). Light absorption: « 6.700 (A, 21604.) The 

salt crystaiiued from a large volume of ethyl acetate in m. p. 174° (Pownd 

N,5 requires C, 670; H, 7-3, N, 

Until absorption was complete (274 ¢.c. of gas were absorbed at 16°/760 mm., equivalent to 406 *). 

The residue (0-46 g). alter removal of the catalyst and solvent, completely solidified, and thea had 

t ainext 


stirring was contineed 
the protact was distilled to give I-chloronon-5-yne (3-0 ¢.. 


Undec-7\cis)-em-l-yne (X11).-—The chioro-olefin (X) (8-0 ¢.) was heated under reflux with a solution 
15 @) im dry acetone (75 cc.) for 15 howrs. The filtered solution was evaporated, 
erated with dry ether, which was again filtered. This ethereal extract, containing 
the iodide (XI), was added dropwise to a cooled and stirred solution of sodium acetylide | [prepared trom. 
sodiam, 5 ¢., eta sodamide by the catalytic method) in liquid ammonia (500 ¢°¢). The cooled mixture 
was stirred for another 4 hours, and ammonium chloride (20 g.) was added. The ammonia was 
edure then gave (46 ¢ asa b 
(10 mom... 1-4462 (Pound: C, H. 124. Tequires C, 879; H, 12-1% 
(XU1).—The hydrocarbon (X11) (42 in other (20 
was akied during 5 minutes to a stirred solution of ethylmagnesium bromide (from m, 
in dry ether (50 c.c.) in an at f 
and the Grignard complex was 
already described for the diacetylenic acid — 
fraction was tsolated and 
116°/6 x 10° mm., 1-4788—1-4790 (Pound : 
935 


H, Tequires C, 


N-iso. yom vy L-yne-l -carboryamide (XV). —The ethylenic acetylenic acid (1-6 


and oxaly! chloride ( &.) were heated under reflux for 30 minutes’ The excess of oxalyl ch 

was removed under reduced re. dry benzene was added to the residue, and the benzene solution 

concentrated, to give the c acid chloride 

in a previous attem 
tsoButylamine (3-0 g.) in dry et (10 cc.) was added 

(10 with iee-cooling and shaking. 30 minutes, 

viously, and distillation gave the N-isobefylundec- ge 
colouries p. 145-—148°/10 mm., 1-4876 (Pound : H, 11-0. 11d. 

10-9%) 

(cis) (cis-cie-Hereulin) (1) from (XV).—The N-iso- 
batyl-amide (XV) (0-35 g.) in ethyl acetate (10 ¢.c.) was shaken with hydrogen in the presence of a 

ladiam-—<alcium carbonate catalyst (004 g, 2% of Pu) entil 1 mole of bh (35 cc. at 
7-6°/750 mm.) had been absorbed. The filtered solution was ev: ated, whereupon lation gave 
cis-cis-herculin ¢), b. p. 150-—155* (bath temp mm., 1.4840. 

N 4+soButyl lawranmide (0-21 in ethyl acetate (10 was shaken with 
in the presence of platinic oxide until absorption was complete 
the solid residue from pentane gave N-sobutyl-l dies, m. p. 52-53" ( 
Chem Soe, 1948, 70. 4234. gives m 51-5-—52") 

Per ate Ortdation of cis-cis-Hercalim (TD) —This oxidation was carried out with cis-cis-herculin 
500 mg.) and potassium permanganate (1-7 g.) in water (38 cc.) im exactly the manner described 

82%) as needles. m p. 105-106" (Jacobson gives 75% yield; m. p. 106—107"), and adi 
acid (135 mg 48%.) as prisms. m. p. 150-152" (Jacotson gives 59% yield; m. p. 151 Titrat 
of the steam distillate with 0-1s-sedium hydroxide indicated that butyric acid had been obtained in 71% 
yield. It was identified as its p-bromophenacy! ester, m. p. 70", undepressed on with an 
authentic specimen (m. p. 70°). 


The authors thank Sir lan Heilbron, DS.0., F.R.S., and Dr. S. H for their interest in this 
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sxhiam acetylide solution so formed cannot be avowed. After 3 hours’ stirring, a suspension of sodamide 
in liquid ammonia (200 cc}, prepared from sodium (8 g.) with the ferric nitrate catalyst, was added ia 
portions. The cooled reaction mixture was stirred for | hour, l-<hloro-4-bromobutane (4) g.) was 
gradual! isolated as dea ribed 
p. 81° /12 mm. off 1-460. 
lowe b. p 37—38" mm_ «ff 
1-4461, tane with sodium 
acetylide, y= i by the preferential reaction of the seo mole of with the excess of 
acetylene in solution) 
Undeca-\ : T-diywe (111) from (VERE) (2-1 and « solution of sodium 
evaporated, the residue treated with dry ether, and the ethereal solution refiltered. 
containing the — (TX), was with a — 
sodium acet in liquid ammonia ( c.¢.)}, from ™ ) by weual catalytic 
Isolation with ether gave undeca-I 7-diyne (0-85 g.. 44%), b. p. #5" 
shaken with rogen in a car catalyst (145 ¢., 03%, 
watil mote of hydrogen (0863 cc. at 14°) mm.) had been absorbed. The Gltered colution was 
evaporated, and the residue distilled, to give |-chloromom-5-(cia)-eme (+s ; 81%) as a colourless mobile 
b. p. 75°/12 mm 1-4515 (Found: C, 669; H. 108. 67-26: H. | 


120 = Raphael and Sondheimer: The Synthesis of Long-chain 


25. The Synthesis of Long-chain Aliphatic Acids from Acetylenic 
Compounds. Part II. The Synthesis of a Geometrical Isomer of 
Pellitorine. 

By KR. A. Rarnant and Franz 


isomer of the insecticide pellitorine 1; So 
herculin isomer described in the preceding paper. An improved preparation of 
is geven. The differential monoalkylation of (111), followed 

acid (V), which was converted into the N -«sebuatyl- 
of this gave N-isotatylnona- (cts) 
which however was not identical with the natural insecticide 


Tue root of the North African plant Anacyclus pyrethrum DC. has been used medicinally to 
stimulate the activity of the salivary glands and for the alleviation of bronchitis. The powdered 
root when chewed causes 4 persistent tingling sensation and partial insensibility of the tongue, 
accompanied by profuse salivation. The active principle, pellitorine, has been examined by 
various workers (Bucheim, Arch. Exp. Path. Pharm., 1876, 5, 455; Dunstan and Garnett, 
J, 1896, 67, 100; Schneegans, Pharm. Zig., 1896, 41, 668). It was first obtained in the pure 
state by Galland and Hopton (/., 1930, 6), who showed it to be an N-ssobutylnonadienecarboxy- 
amide. The exact location of the double bonds in pellitorine has recently been established Py 
Jacobson (J. Amer. Chem. Soc., 1949, 71, 366), who showed it to be the N-isebutyinona-1 - 
(1; configuration about the double bonds unknown). The 
author also found this material (a lower homologue of herculin;, cf. preceding paper) to possess 
insecticidal! properties 

The synthesis of the cis-cis-isomer (I) has been accomplished by one of the methods employed 
for the preparation of the herculin isomer described in the previous paper. The starting 
material, dipropargy! (hexa-1: 5-diyne) (111), had previously been obtained in rather poor 
yield (ca. by the dehydrobromination of 1: 2: 5: 6-tetrabromohexane with alcoholic 


(It) 


Beate | CO, 


Pecan, 
ets ow 
HOCH CH, 
potassium hydroxide (enter al,, Griner, Ann. Chim. 1902, 26, 347; Lespican, idid., 1912, 27, 
152). Heating the tetrabromide with sodamide in light petroleum gave only very small yields 
of the hydrocarbon (Bourguel, sid., 1925, 3, 233). It has been shown that sodamide in liquid 
ammonia ws an efficient and mild dehydrobrominating agent (Vaughn, Vogt, and Nicuwland, 
J. Amer. Chem, Soc., 1934, 86, 2120), and when the tetrabromide (11) (obtained by the addition 
of bromine to diallyl) was treated with an excess of this reagent, the diacetylene (III) could be 
isolated in 56% yield. 

When (11) reacted first with 1-1 moles of sodamide in liquid ammonia and then with propy! 
iodide, the required monoalkylation product, sona-1 : 5-diyne (IV), was formed in 44% yield. 
The Grignard complex of (IV) was carbonated with solid carbon dioxide at atmospheric pressure, 
whereupon the diacetylenic acid (V), a crystalline solid, m. p. 87°, was formed. Although the 
yield obtained in this manner was very poor (ca. 8%,), it could be increased to 63%, by carrying 
out the reaction under pressure in an autoclave. The acid (V) was converted into the acid 
chloride (VI) by treatment with oxalyl chloride, excess of isobutylamine then giving the 
crystalline diacetylentce N-isobedy!amide (VII). When this absorbed two moles of hydrogen in 
the presence of a palladium <alctum carbonate catalyst, the 5(cis)-diene-1- 
(1) was obtained as a homogencous Bquid. (The reasons for 
assigning the css-configuration to ethylenic compounds obtained by the catalytic partial hydro- 
genation of acetylenes has already been given in the previous paper.) 
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It has been found that the second method used for the synthesis of the herculin tomer could 
not be applied in this case, as compounds of the type RCIOCH,-CH,X and RCHICH-CH,CH,X 
(where X = halogen) on treatment with sodium acetylide in liquid ammonia mainly underwent 
dehydrohalogenation rather than normal condensation (Sondheimer, forthcoming 
communication). 

The pellitorine isomer (I) obtained by the method described proved to be a somewhat viscous 
liquid, which could not be induced to crystallise, 
solid, m. p. 72° (Gulland and Hopton, Joc. eit.; Jacobson, loc. cit.). 

a very bitter taste, it exhibited none of the 


complete hydrogenation to the crystalline N-isobutylnonane-1-carboxyamide, and by potassium 
permanganate oxidation, whereby the three fragments (butyric, succinic, and N-isobutyloxamic 
acid) were isolated in yields very similar to those obtained by Jacobson (loc. cif.) for the natural 
pellitorine. 

It is interesting to note the close structural similarity between the acid moiety (VIII) of 
pellitorine and the violet perfume, nona-2 : 6-dien-l-al (IX). Two methods for the synthesis of 
the latter have been developed (Ruzicka and Schinz, Hele. Chim. Acta, 1934, 17, 1602; 
Hunsdiecker, Chem. Ber., 1947, 80, 137), and application of either of these methods should give 


the acid (VIII) in both the I(érens) Sifrans)- and the I(trans) : Sicis)-configurations. By 
analogy with the natural nonadienal (IX) and nonadienol (Takei ef al., Bull, Agric. Chom. Soe. 
Japan, 1938, 14, 64; Chem. Zentr., 1938, 11, 3696; Ruzicka, Schinz, and Susz, Hele, Chim. Acta, 
1944, 27, 1561; Sondheimer, forthcoming publication), and with other a$-unsaturated acids 
(cf. English, Bonner, and Haagen-Smit, J. Amer. Chem, Soc., 1939, 61, 3434; Lauer and Gensler, 
ibid., 1945, 67, 1171) the latter configuration is most probably the one present in natural 


pellitorine. The synthesis of this 1(frams) : 5(cis)-pellitorine by the methods indicated is now in 
progress in these laboratories. 


EXPERIMENTAL. 


1: S-diyne) (111).—-1: 2:5: 6-Tetrabromohexane was in 
ition of the theoretical Sch of Canadian of 

5-drene) in ether, followed by removal of solvent under reduced 

ferric nitrate catalyst described by Vaughn, Vogt, and Nieuw (J. Amer. Chem. Soe., 1934, &%, 21 
being usec to catalyse the transformation. Tetrabromohexane (764 g., 1-75 moles) in dry ether (1-61 
was added dropwise during 2 hours to the cooled (aleohol-carbon dioxide) and stirred suspension, which 

was then stirred for another 3 hours. The reaction mixture was set aside overnight without cooling, 
(it was found advisable to allow the a to ev 

the sodio-complex, in order to minimise losses of the volatile product.) Ether, ice, 
poe the aqueous layer was washed with ether, and the combined 
organic extracts were washed with dilute sulphuric acid, sodium hydrogen carbonate solution, and water, 
and then dried. The solvent (ca. 2-5 1.) was removed em | a Dufton column, distillation of the 
residue through the same column gave dipropargy! (76-9 as a colourless id, b. - 87-5 
88-5" /758 mm., 1-4380-—1-4382 (Griner, dam. Chim., | 26, 347, gives b. p. There 
remained a smal! (ca. 10 @ ) non-volatile brown residue 

Nona-\ 5-diyne (1V) (14-6 g.) in dry ether (25 ¢.c.) was added during 15 minates to a 
cooled (alcohol <arbon dioxide) and stirred suspension of sodamide in liquid ammonia ( bcc), 
from sodium (4-7 g.) by the catalytic procedure. After 1 hour's stirring, propyl todide (40 g.) in ether 
( ¢.c.) was added during 30 minutes, and the cooled mixture was then stirred for a further 
6bours Ammonium chloride (ca 15¢ ) was introduced, the ammonia was evaporated on the steam- — 
and the uct was isolated with ether. Distillation then gave 5-divar (00 
mobile t-emelling liquid, b. p. 62°/19 mm., sf} 14565 (Found: C, 
CyH requires C, 89-9; H, 10-1%) 

Nonma-| 5-diyne-l-carborylic Acid (V).~Nona-1 : 6-diyne (4-8 g.) Gy ether (10 c.c.) was added 
during 5 minutes to a stirred solution of ethylmagnesium bromide (from magnesium, 1-3 g.) in ether 
(8) cc.) in an atmosphere of nitrogen. The solution was heated ies reflux for minutes and then 
cooled in ice It was red on to a large cxcess of solid carbon d de in a stain steel autoclave, 
which was then and allowed to attain room temperature. After 14 hours the autoclave was 

. and the solid « decomposed with dilate sulphuric acid. More ether was added, and the 
ethereal layer was washed with water and sodium hydrogen carbonate solution The latter extract 
was washed with ether, acidified, and again shaken with ether. This last ether extract was dried and 
evaporated, yielding a residue which on cooling ly solidified. Crystallisation from light 
petroleam (b 680°) gave nona-1 (415 g., 63%) as plates, m. p. 
raised to 87° by further crystallisation (Found: C, 73-45; H, 75. CHO, requires C, 73-15; H, 
735%) 

The experiment was also carried oat similarly, except that the carboxylation with solid carbon 
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at atmospheres (ct. Part greeting pepe. This yielded the crystalline acid 

Chloride (V1)~ The acd (¥) (1-4 and onaly chloride wer 
x for 30 minutes. The excess of reagent was removed under reduced pressure, and 
the gave the acid chloride (1-2 as pungent yellow liqukl, b. p. 0-6 mm., 
There was a considerable brown solid resudue The distillation wes found to be advisable 

aed facilitated the thcation of the product obtained in the following stage 
S-dtyne-| carboryameds (VI1) —A solution of (06) te dey 
(Sex ) was added dropwise during 5 minutes to the acid chloride (V1) (1-1 ¢.) im benzene (5 ¢.c_), with 
a contingous shaking. The clear solution was set aside at room temperature ow 
aml wast washed with dilate sulphur: acid, sod hydrogen carbonate solution, and water. 
dried extract was evaporated, yielding residue which completely gy One 

as long needles, m. p. 72° (F C, 763; O56, N65 CaM, ON 


Sicis) (cis-cia (1) -—-The N -ssobutyl-amide 
in ethy! acetate (15 was shaken with hydrogen in the presence of a palladium- calcium 
carbonate catalyst (6-08 ¢ | 5% Pd). Hydrogenation proceeded very rapidly and 2 moles of hydrogen 
(176 at 778 were absorbed in ca. 5 minutes. The reaction was interrupted, the catalyst 
was filtered off, and the solvent was Seal 
(O61 as & somewhat viecous colvarless liquid, b. p. x lo* mm 
(Pound. C, 7466, H. 113; N,@2. requires C, 75-3; H, 625%) 

N (0-12 g ) in ethyl acetate cc.) was shaken 
with hydrogen in the presence of platinic oxrde until a was complete (26-5 «.c. of gas were 
ateorbed at 23° /762 mm., equivalent to 20 ™). Kemoval of catalyst and solvent, followed by crystal- 
lination of the solid reasdue from light petroleum (b. p. 40-60") at --40", gave N-isobutylnonane-I- 
carboxyaniide as a microcrystalline powder, p. 37--37-5" (Galland and Hopton, J, 1930, 6, give 


ale Onrdah of Pelistorme oxdation was carried out with cs-cis- 
petite (200 mg.) and potassium permanganate (750 mg.) in water (20 cc.) in exactly the manner 
tibed by Jacobson Amer. Chem. 1949, 366) for natural pellitorine. The material not 
volatile in steam furnished acid (02 71%) as long needles, p. 103-104", 
to 106.107" by another crystallization (Jacobson, loc. eit., gives 77%, yield ; m. p. 106—107"), and 
succinic acid (63 mg., 60%) as prisms, mp. 186° undepressed on admixture with an authentic specimen 
m p ise” obson, loc. gives Titration of the steam-distillate with 0-1 x-sedium 
ydroxkie indicated that butyric acid been obtained in 87% yield. It was identified as its 
pf bromophenacyl ester, m. p. 69° undepressed oa admixture with an authentic specimen (m. p. 74") 


The authors thank Sir lan Heilbron, D.S.0.. F_R.S., for his interest in this work, which was carried 
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26. Complexes between Metal Salts and Long-chain Aliphatic Amines. 
Part 1. The Complexes of Cupric Salts with Long-chain Amines. 
By A. R, Borxr. 


Complexes between cupric salts and long-chain amines are described. The chain length 
affects only the solubility in organic solvents and physical properties of the complexes. The 
actd radwal controls the colour and stability of the compounds, chelation leading to relative 
instability. The acid radicals are covalently bound to the metal. Cupric carbonate and 
oxide compounds are basic and decompose chloroform on heating, giving cupric chloride 
complexes. 


Tue present work was carried out in order to study the relative stabilities, properties, and 
reactions of complexes of wn and bi-valent copper salts and primary aliphatic amines with 
long carbon chains, dealing in particular with the effects of (4) the anion used, (b) the basicity 
of the amine, and (c) the nature of the solvent 
Water is generally used as the solvent in the study of copper complexes and it may have a 
considerable effect on the results obtained. In the case of cuprous compounds, this is often 
shown by a tendency to disproportionate, giving metallic copper and cupric ions, Bivalent 
copper has a great affinity for oxygen, and the properties of many cupric complexes are probably 
due to some extent to the partial replacement of the co-ordinating groups by water molecules, 
The tendency towards such aquation in the case of a salt (MR,)?* X~, may be represented by 
equilibria of the types : 
+ HO == 
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and in addition the anion present may co-ordinate according to the reaction 

» being the normal chemical co-ordination number of the metal M, and K representing 
tonically neutral monodentate ligand. The ¢<juilibriam position of the first reaction is 
mined by the normal stability constant of the complex ion and, in addition, more than one K 
group may be lost by the complex ion, leading to further equilibria involving water and the 
anion, The extent to which the last two groups enter the co-ordination sphere depends on the 
telative co-ordinating powers of R, H,O, and X~, on the nature of the metal M in the general 
case, and also on the energies of solvation of the various groups. 


jonise. This leads to the formation of aquated ammine sons in solution, although on 

the original compounds are obtained. It is noteworthy that nitrate, sulphate, and picrate groups 
ionise in this way, while chloride remains in the complex molecule, diamminoplatinous chloride 
being practically a non-electrolyte. 

In the present work the question of the influence of water does not arise, since the long-chain 
a@iphatic amines used as ligands give compiexes which are soluble in organic solvents such as 
chloroform, benzene, light petroleum, etc. This study of inorganic chemistry in inert organic 
solvents enables the properties of the actual complex molecules to be investigated and the 
effects of different acid radicals can thus be established. 

The results obtained show that under these conditions the acid radicals are covalently bound 
to the copper atom and that the co-ordination number of 4 for copper is maintained, This 
behaviour is not observed for the copper complexes with lower amines, such as ethylamine, and 
ammonia, but it is believed that this is not the result of a fundamental change in the nature of 
the copper-acid radical links caused by changing the ligand from, say, ethylamine to »-octyl- 
amine, but is due to the solvents used. For example, cupric chloride with ethylamine gives 
complexes which are insoluble in organic solvents, the solids such as CuCl (C,H NH,), are 
decomposed by water, giving a pale blue precipitate of basic cupric chloride containing a little 
ethylamine (or cupric hydroxide containing chloride and ethylamine which might be regarded 
as “ adsorbed). In aqueous ethylamine, however, the substances are soluble, and complex 
ions such as (Cu(C,HyNH,),’*' may be presumed to be present. Octylamine, on the other 
hand, gives the complex (CuCl,(C,H,,"NH,),), which is soluble in organic solvents and behaves 
as a complex molecule, but it is rapidly decomposed by water giving a pale blue precipitate 
containing chloride, and liberating octylamine. 

All the cupric salts investigated gave bisamine complexes only, with long-chain amines, the 
acid radicals used being chloride. bromide, acetate, succinate, adipate, carbonate, sulphate, and 
that of methyl hydrogen succinate. Cupric chloride, acetate, and methyl succinate dissolve 
readily in a solution of 2 mols. of amine in a solvent, the bisamine complexes being precipitated 
on cooling to room temperature. 

Cupric adipate and succinate give bisamine complexes which are unstable in solution in the 
absence of excess of amine. Adipic and succinic acids can form strainiess rings on chelating with 
copper and the instability of the complexes is believed to be due to a reduction in the strength of 
the metal-amine bond caused by the imposition of the cis-configuration. The complex carbonates 
are also unstable and cannot be obtained without a considerable amount of associated amine 
carbonate. 

Cupric sulphate ts insoluble in solutions of the amines, but on adding the theoretical quantity 

ee acid to a solution of a lilac carbonate complex a pale blue precipitate of 
(CuSO,.2C,,H,°NH,) is deposited. This complies is insoluble in organic solvents, concentrated 
solutions of amines, and molten amine. A small amount of the same compound was obtained 
on heating copper sulphate with hexadecylamine at 160° for about 12 hours. 

Addition of nitric acid to the carbouate solution caused decomposition to free amine and 
cupric nitrate, no complex being formed. Thus cupric nitrate complexes do not exist, and the 
sulphate compounds have exceptional insolubility. This may be due to nitrate and sulphate 


King (/., 1930, 2307) studied cuprammonium salts and states that there is no evulence that 
aquation occurs when the complexes are dissolved in water. There is little evidence that it does 
not occur, however. He also presents some evidence suggesting that co-ordination of anions 
may occur to a small extent. Reversible co-ordination of anions is well established, however, 
since in addition to the obvious evidence presented by the methods of preparation of many te, 
complexes of cobalt, platinum, and other metals, containing acid radicals in the complex ton or , 
molecule, King (/., 1938, 1338; 1945, 1912) has shown that in the diammino- and triammino- Ps 
platinous salts some acid radicals, normally regarded as present in the complex ions or molecules, 
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radicals being less able to form covalent bonds to copper than the other groups used in this 
work. These same two anions were found by King (oc. cit.) to be less firmly bound to platinum 
than say Cl”, tending to give aquated ions from [Pt(NH,),(NO,),), etc. 


The method used to the complexes with the hi amines is essentially that of Broome. 
Ralston, and Tharates y Chem Soe, 10466, @, 67), anh cupric salt being dissolved in 
solution of the amine in chiorofarm., benzene. light petroleam, etc. by boiling under reflux. On cooling, 
the complex and is puriied by recrystallisation. Those authors and Ralston, 
Marriman. and coun (J. Amer. Of! Chem. Soo. 10467, 94. 07) the following compounds of 
cupric chloride, acetate, and oleate: CuCl, Cu(OAc) H,, and Cu(C,,H,, CO), 2R-NH 
where K ie or w-octadecyl. The former group of authors (J. Amer Chem. 146. nad; 
also proved spectrophotometrically that complexes such as Ca(OAc),4R-NH, do not exist in solution. 

le agreement with the above agthors it was found that oxygen containing solvents such as alcohols, 
ethers, aod ketones give ill-defined greeniih products which contain solvent and are deficient in acid 
radicals, so that compounds containing oxygen mast not be used for either the preparation or the purific- 
ation of the copper amine complexes Apart trom this restriction, all the common organi solvents may 
be weed. the chosce being controlled, very largely. by solubthties, except in the case of the cupric carbonate 
— which are anstable except in benzene solution 

he amines used were n-octyl-, a-dodecy!-, #-tetradecyl-, and and 

there was no difference between any of the cu complexes as far as their type is concerned. The 
solubilities of the complexes differed considarehty, however Like many compounds possessing long 
carbon chains, the cupre brsasnine complears are very slightly soluble to cold solvents, ond thels solubality 
increases enormously over a very narrow temperature range, until they seem to be infinitely soluble at a 
slightly higher temperature (cf. Ralston ef al. Org. Chem, 1944, 9, 102). All the complexes prepared 
show this effect. the critical temperature region aod range differing somewhat for different solvents and 
beimg higher the longer the carbon chain 

Cupree Chloride Compleses.-Cupric chioride (2-5 g ), dried at 110", and »-octylamine (5-7 g.. 2 mols.) 
were heated under refiax with 50 mil. of chloroform until solution was complete (4 hour) cooling, 
the complies separated as a blue powder and was purified by recrystallising twice from chloroform 
(Pound, in air dried specimen: Cu, 101; Cl 180. C,H requires Gu, 16-2; Cl, 18-40%). 

The failowing compounds were prepared similarly te hy 2C gH," NH, (Found : Cu, 12-7; Cl, 140. 
Cale. for Cy Hy Ca, 126, Cl 140%). Tetradecylamine complex (Found: Ca, 11-15; Cl, 12-6. 
Coal u requires Ca, 112; Cl, 126%). Mewadecylamine cony (Found: Cu, 10-2; C, 11-4. 
requires Cu, 10-3; Cl 115%) CuCl, 2C,,H,,NH, (Found: Cu, 05; Cl 106. Cake. 
for Ca, Cl, 166%) 

Anhydrous cupric chloride (2-0 ¢.) was gently warmed under reflux with 50 ml of benzene con 
anhydrous ethylamine (4 ¢.. 6 mols). The brown solid slowly absorbed ethylamine, turning blue 
then purple, no solid dissolving. A further 10 g. of ethylamine were added, and a littie purple solid 
dissolved, giving a deep blue solution. The solid was filtered off under suction and dried in a desiccator 
containing anhydrous ethylamine and petroleum jelly which absorbed benzene Exposure to air caused 
loss of amine. the solid tarning greenish-blue but reabsorbing gaseous amine and turning purple (Found 
Cu. 102. Cale. for CH Cu, 2%) 

Cuprse Bromide Complexes —Cupric bromide will dissolve only in the ace of about 3—4 mols. of 
amine, light petroleum being the most convement solvent since the complex does not separate well from 
other solvents in the presence of the excess of amine. The evidence tor the composition of the cupric bromide 
besamine complexes is not entirely satisfactory since the copper content cannot be determined accurately 
by the etna used, the results usually being low and non-reproducible. The same effects are observed 
with the products obtained by oxidation of cuprous brumide compounds (Part ILI), so the original cupric 
bromile is mot the cause. Heating the green complexes at 100-—200° in high vacuum (< 10°* mm) 
with no air leak causes amine to condense im the cold parts of the a tus, the complex turning brown. 
Thea residue is still soluble in organi solvents, and addition of a little amine gives the original green solid, 
and although this must be free from excess of amine the « sage figuresare stilllow. Thecomplex bromides 
are not volatile The molecular wieght of the comples (CuBr, determined ebullioscopically 
by the graphical method (Part IT) in benzene is 990 (C oo Br,Ca requires M, 762). The high value 
compares with the value of 603 obtained for CuCh, 2C ,,01,, NH, as against the theoretical value of 506 
(Ralston. Hroome, and Thornton cit) 

Anhydrous cupric bromide (3-0 g.) was bowled under reflux for 2 hours with octadecylamine (10-0 g¢.. 
2-8 mols) and 50 ml. of light petroleum (b p. 100-120"). The solid dissolved, giving a brownish solution 
(more amine gave green solutions) which turned green on cooling, depositing a green solid. This was 
recrystallised 3 times from light petroleum, the solution being filtered at 64°, and the green solid washed 
with several portions of fresh solvent. The product is apparently CuBr, 2C,,H,,"NH, (m. p. 116—117") 
(Found Cu, @8 69, Br, 21-4. 214. 108 C,,H,.N, Be requires Co, 83; Br, 20-06, 
Cc, #7, H, 103%). The analysis Geures are the best obtained from many preparations, other amines 
«iving such varied results that they are not quoted. After several recrystallsations a more soluble 
brown compound. apparentty a cupric bromite complex containing less amine, could be obtained 

Cupree Acetate Complexes —Cuprec acetate was prepared by dissolving the commercial “ neutral 
salt m dilute acete fiiterme hot coolumg. and washing the crystals well with water and drying the air. 
dried solid over phosphoric oxide until fresh desiccant extracted no more water. The anhydrous - 
solid (1-1 was boiled with ootadecylamine (3-4 ¢ 2:1 mols) in 40 ml of benzene for minutes. The 
chear bhee liquict on cooling gave a Nac soled which on recrystalliaing from benzene gave transparent lilac 
plates of CafOAc), 20, NM, m p (Pound Cu, #7, C666; Cale. forC,H,,O.N Co 
Ca, #8, C, 666, H, 118%) 


| 
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Methyl Succinate Complexes —-Cupris methyl succomate was prepared 

a@ mass 0! green contaminated 
muoimum of heating, and the small amount of pale blue decomposition 
solution. This was cooled rapsdly in ice, and the green crystals were 
finally over phosphoric oxide (Found Cu, 19-50. 

Cupric methy! succinate (2-3 ), octadecylamine (3- 
under reflux for 10 minutes. 


benzene with rejection of the first third 
excess amine). Pure methyl succomale 


),N,Cu requires Cu, 
Cupric methyl succinate was obtained smilariy 
petroleum (b. p. 60—80") (Found: Cu, 906. C,,H,.O,N Cu by tating 

Cupric Succinate Compleses —Cupric succinate was prepared 
solution of excess of succinic filtering off the blue solid, 

35-4%) 

Caprice succinate (1-06 octadecylamine (6-4 ¢.. 4-2 mols) and 80 mi 
reflux for one hour. The boiling liquil was Gltered, the filtrate 
filtered off under suction at about 40°. It decomposed to cupric succinate on ‘cnmgted recrystallss. 
ation, and amine impurity was removed by warmin: 
filtering at that temperature. It was air-dned (Pou 

Cupriec Adipate Complexes —Cupric adipate was 
Cale. for Cu: Cu, 30-6%). Ite 
same method as the it ts wnsolable in 
amine, and is decomposed by 

uct was very carefully rec 
862%). The bisdod 
with warm benzene (Found Cu, wires Cu, 11-40%) 

Cupric Carbonate Complexes —Copper o: and hydroxide are ely unaflected ty 
solutions in the absence of carbon dioxide, Set of araine are 
used, lilac cupric carbonate compl on cooling is the only suitable solvent of 
those tried, light petroleum giving only small ofa oxide and chloroform being 
decomposed, the cupric chloride bisamine com: omplexes, including the insoluble 
ethylamine complex. are of the type (CaCO, is variable between (7 
and? Recrystallsation alters the value of s and must 
If the solution is too hot or not enough carbon dioxide is present, a greyish-blue is obtained contaming 
more cx and less carbon dioxide but of indeterminate composition, which absorbs carbon dioxide. 
turning The same biue products are obtained when lilac compounds are kept over soda-lime, 
etc , to remove carbon dioxide. Further loss of carbon dioxide from solut ot complex carbonates 
causes precipitation of green solids, very difficult to filter, the solution often setting to a gel on cooling 
The green substances have the composition (CwO,2K*NH,) but are contaminated with a slight excess 
of amine which could not be removed by solvents. They a’ carbon dioxide, turning lilac. there is no 
intermediate formation of a blue solid; the dodec ne complex absorbs carbon dioxide much more 
readily than does the octadecylamine compound composition of the lilac a a was were hg 
titration of a solution of (CaCO, 2C,,H,,° (C NH,),CO,), with alcoholic hydrogen 
giass electrode and saturated calomel reference half-cell being used with a Marconi hattery operated 
pH meter. The pH titration technique was checked by titrating (C,,H,.°NH,),CeCl, 
sodiam hydroxide 

hydroxide was from cupric sulphate by Balinheimer and Seitz's method (Ber., 1900, 
83. 817) but was r tedly washed and drained by filtration under suction instead of by decantation 
It was free from chloride, sulphate, and soluble hydroxy-radicals, and was dried at 70° for 2 hours 

This hydroxide (1-36 and dodecylamine in 75 ml of benzene were heated ander 
reflux for 12 hours with a soda-lime tube in the t . There was no reaction 4 
soda-lime tube was removed. and the solution quic re oe blue, cu hydroxide slow! 

The reaction was mors rapid when the solution was at 65—70° stead of being 

solution was much ‘=ster when a current of carbon disotde shed hes 
carbonate solation was bubbled through the suspension Traces of solids were removed by filtering the 
liquid hot, and on cooling a lilac solid separated. The general method of preparation was to warm the 
benzene suspension in an open flask on a water-bath, carbon dioxide being passed in continuously until 
solution was almost complete. The lilac products were recrystallised from benzene. Too low a con- 
centration of x, too high a temperature, and too high a vacuum in the Buchner flask caused loss of 
carbon dioxide’ bine and finally green solids being obtained. Carbon dioxide was passed through when 
the lilac compounds were being redissolved 

Dodecylamine gave a hiac ¢ {Found Cu, 7-06; C, 66-2; HM, 11-8%,. 

(CaCO, 2C NH,) O,), containing Cu, 7-95, ires C, H, 11-86%). Reerystal- 
lisation trom benzene gave another compound (Found Cu, §20; “0; H, 114%) 

A lilac compoand was prepared from tetradecylamine but “Ty solution was dived into two equal 

before cooling. The two crops of lilac powder were recrystallised from benzene onder conditions 
ible exactiv fi): Ca, 640, CO, 123%, 

12-7%; Ca: CO, 1: 2-30, Ca requires Ca, 6-13; co,” ~, 11-46%). 


was carbonate b he vadecyl. rbonate (Found Cu, 654, 


h the 
ve hot 
and 
peated 
pera: 
ture, but on cooling in ice « bloe solid separated. It was Gitered off and recrystallieed twice from 
he solid which separated in each case (this contained the 
was finally obtained (Found: Ce. 7:3 
* 
(ale G 
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108. Ce, $69; 100%) Attempte to, thie 


fave similar compile ; ; 
(CaCO, (C CO,), containing Cu = 570 requires C, 5%) 
upric hydro aide (3. was warmed gently with ethylamine (large excess) in 50 mi of benzene with a 

qate-Eenp cabot the there was no reaction. On removal of this tube the cupric 
hydroavie slowly tarne!d dark biue When homogeneous in appearance it was hitered off under gravity. 
warmed gently with more ethylamine in benzene under continuous passage of carbon dioxkle filtered off 
as before, washed with warm and dried in a dewecator comtaming anhydrous ethylamine 
carbonate and toleam jelly in an atmosphere of carbon dioxide (Pound: Ca, 243; CO, ~, 31-2; 
Ca CO, containing Ca 263% requires CO.-~, 
30-3%) The compiles lost ethylamine and carbon dioxide readily im air, turning green 

Biue cupric carbonate complexes are described by one typical exam A | ag cupric carbonate 
dodex ylamine complex was recrystallised from benzene after being war tos temperature than 
weeal, with no carbon diomkle parsing. A blue solid was ted (Pound: Cu, 71-40%) : 
after a further recrystaliieation (Pound : Ce 401, 760%) Analysis of a diff 
gave) Cu, COW, 005 requires Cu, 1286; 12-14% Co 

ives Cu, 735. ¢ oO, 6 

Cupric onsde (impure) was obtained by b lung a lilac carbonate complex in benzene 
watil it pletely deve © @ te ending The hot 
won was centrifuged the green solid was washed three times with hot benzene, being cent 
time, and was dried in a vacuum desiccator containing soda-lime, under coftinuous pu 

(Pound Ca, 896, COS”, af Cu requires Cu, 126%) 
Caprice hydrexkic (1-4 ) and viamine (10 4 mols) in mi. of chloroform were heated under 
reflux for 2 hours. The blue solution gave a dark blee solid on cooling; 
from benzene ight petroieum aod once from benzene, and was found to be cw 
(Found Cu, 121; Cl 1346 for Cu, 1268; CL 
Potentiometric Titration carbonate bishexadecylamine carbonate (p. 125) 
2100 ¢) was dimselved in 15 mil. of warm benzene and a mixture of 40 ml of benzene and 
5 mil of redptilled commercial absolute alcohol added slowly at 40°, carteon dioxide being passed 
through the whole time One drop of water was added. By this method, decomposition of the complex 
wasavosded The solution was titrated with © 101~-hydrogen chioride in absolute alcohol, the course of 
the reaction being followed by a glass electrode and a saturated calomel half-ell with a ground-glass 
t flowing jenction. The emf was measured by means of a Marconi battery-operated pH meter 
sale), previously standardised by asing the same electrodes in an aqueous buffer at pli 646. The 
carve obtained is shown in Fig 1 (1) The two sharp falls at 7-6 and 11-0 ml. of acid correspond to the 
addition of 4 and 6 equive of HCl per g-mol. of complex. There ts a significant flattening of the curve 
when 4 mi (2 equivs) of ackd are present. The reaction proceeds in 3 stages, identified by the experi- 
ments described below 


+ 


Stage 1. 194 ¢ of lilac complex'used in the titration was dissolved in 30 ml. of benzene, and 
akoholc © 10tx-hydrogen chloride (3-5 ml, 24 equiva.) added slowly. The blue solid ating on 
cooling slightly was Gitered of and recrystallised trom benzene (Found: Cu, 101; Ci, Calk. for 

Stages t+ 2 © 193 ¢ of lilac complex in 30 ml. of benzene was treated with 0-101 "-hydrogen chioride 
(7-1 ml, 4 equivs). The blue solid o on filtration was recrystallised from benzene and chloroform 
(Found Cu, 10-27%) 

Cupre Sulphate Comples —4 1925 of a hexadecylamine cupric carbonate complex containing 
442% of Cau was titrated with © 101s-alcoholc sulphuric acid, with vigorous stirring. the reaction being 
followed as before The 00851 ¢ of Co @ 2-64 mi. of the acid, and the ©1113 g of amine carbonate 
403 ml of acid The experimental curve (Pig. 1, Il) shows a slight break between 2-6 and 

6 mi, and « dotinet break at 6-7 m). of ace! added, corresponding to the formation of cupric sulphate 
bishexadecylamine aod amine sulphate, respectively. There ts no formation of a cuprisulphate (9-3 ml). 

Anhydrous copper sulphate ts insoluble tn sotutions of amines. The lilac hexadecylamine complex 
used abowe (1-75 «.) was desolved in 50 mil. of benzene, and 75 ml. of alcohol added, with passage of 
carboo dioxkle. © sulphuric (24-1 mi, Cu 1:1) was run in slowly with 
stirring, an! after stanclng overnight the pale blue cupric beshexadecylamine was fitered off. It 
was insoluble in organn solvents and molten amine, and was purtied by extracting it several times with 
hot benzene (Found: Cu O80 SCe requires Cu, 990%) 

Anhydrous copper sulphate (0-8 ¢) was Beated im a tube with excess of dodecylamine at 160° (oil- 
bath) for 40 minutes. the white solid then turned uniformly pale blue. The excess of amine was 
removed by extracting 4 times with hot benzene, giving cupric sulphate bisdodecylamine (Found: Ca, 
1,,0,N,5Ce requires Cu, 12.0%) 

Cupribromedes —Capric bromide bisoetadecvlamine (1-0 g.) was dissolved in benzene, and 
excess of bytirobromc acid in aqueous aloohol added. Alcohol was added to the violet solution anti 
the water which settled oot reduselved Dark violet disectadecylamine cupribromde which separated on 
cooling filtered of and recrystallised from aleohol-benzene (Found: Cu, 685; Br, 343. 
Cu requires Co, 6-00: Br, 347%) 

cupribromde (Pound. Cu, 700 requires Ca, 785%) and bis- 


presse gaves gies Found ta 1 

ij 
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cctylamine cupribromide (Found: Ca, 980. requires Cu, 001%) were prepared 
a Oe Cuprichlorobromides — Alcoholic h chloride was added to a solution of cupric bromide 
hlorotyomide aod was recrystallised from benzsene-alcohol (Found 
C 11-45%). The same orange yellow solids 
core cbtained by treating the cope ch 
Excess of bromide gave violet cupmbromades excess of hydrogen with 


Fie. 1. 


Acid odded, m. 


Dorwhie These were obtained by the methods of Ralston (/ec ct). Pistetradecyl- 
amine cupric (01944 g.) in pure methanol (150 ml.) was titrated with 0-11 4»-aquecous sodiom 
hydroxide, the glass electrode assembly described under cupric carbonate com ay used. The 
curve (Fig. 2) of the of alkali are added. con’ the formulation asa 
double salt and the applica of the glass electrode under such conditions. 


The author's thanks are due to Armour & Co., Ltd., who supplied the octylamine aod higher amines 


Univessiry Cottecs, SouTHAMPTON. (Recewwed, July iat, 1949.) 


27. Complexes between Metal Salts and Long-chain Aliphatic Amines. 


Part Il, The Complexes of Cuprous Halides with Long-chain 
Aliphatic Amines. 


By R. G. and A. R. 


e... rdinati ds of cuprous salts (CuX) with long-chain aliphatic amines have 
been prepared and their structures verti (a) by molecular-weight determinations and (b) 

by a study of their reactions. Cuprous chloride, bromide, and iodide form tetrameric mono- 
amine complexes, (CuX.R°NH,), Cuprous bromide forms also bisamine complexes which have 
dimeric bridged structures (Ca Br, 2R-NH,), at low temperatures (freezing benzene) but dissociate 
the monoamine free at higher temperatures, the solid bisamine complex 
separating again on c ng ation of the chloride and bromide was carried out in 
an oxygen-free atmosphere mJ .. ween the monoamine com ae ine gave, in 
all cases investigated, the cuprous halide-pyridine complex of (CaX C,H). 


amines with cuprous salts. ctadecy lami 


| fquivs. of per Cu atom. 
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a-dodecylamine, and n-octylamine, hexadecylamine being used in a few cases where the fact that 
the stabilities and solubilities of its complexes are intermediate between those of the octadecyl- 
and the dodecy!t-amine was of particular value. Cuprous chloride, bromide, and iodide were the 
metallic salts studied. 

When cuprous chloride or bromide is added to a solution of about 2 equivs. of an amine in, 
for example, hot light petroleum, a mixture of blue and green, amine-containing, oxidation 
products is obtained. If, however, the reaction is carried out in the absence of oxygen, the 
ceprous salt gradually dissolves to give a green solution, which on cooling deposits a complex as 
a fine white of very pale green powder. A simple apparatus was devised for filtering off these 
compounds in the absence of air (see p. 130). : 

Cuprous iodide complexes are stable in air and are formed when cuprous iodide is dissolved in 
a hot solution of the amine in light petroleum, benzene, etc. The hexa- and octa-decylamine 
complexes are white crystalline solids. The compounds with lower amines are extremely soluble 
in the presence of the excess of amine necessary for their preparation, and either (a) cooling in 
ice-salt or (b) evaporation of the solution im vacuo merely gives the complex contaminated with 
the excess of amine. The pure solids are insoluble in all the usual organic solvents, but in the 
presence of a trace of free amine, they dissolve readily, giving red solutions, which turn colourless 
on prolonged heating, but regain their red colour on cooling. Molecular weights were deter- 
mined by observing the boiling point of the solvent containing a trace of the amine present in the 
complex and treating this as the “ solvent,” the elevations due to the amine and complex being 
additive as long a no interaction occurs. With larger concentrations of amine, the amount 
present had an effect on the elevation, as is described below. 

Cuprous chloride and iodide formed only monoamine complexes with the empirical formule 
(CaCi,R-NH,) and (Cul, R-NH,), although almost 2 mols. of amine per atom of copper were 
necessary for their preparation. Cuprous bromide formed a monoamine compiler, (CuBr, R-NH,), 
if one mol. of amine was used, but in the presence of two mols. of amine, a bisamine complica 
(Culir,2K-NH,) was formed. 

No question arises as to the co-ordination number of copper for the cupric salt complexes (see 
Part 1), it being 4 for all complexes examined. The empirical formula of the cuprous halide 
complexes would indicate co-ordination numbers for copper of both 2 (monoamine complex) and 
Br 3 (btsamine complex). In all cases examined, however, polymeris- 

-* » °° ation oceurs and the usual stable co-ordination number of 4 is 

Ca attained. The bisamine complexes of cuprous bromide were shown 

by molecular-weight determinations in freezing benzene to have a 

“NHR dimeric, presumably bridged, structure (I; R = C,,H,, and C,H,,). 

(ty The monoamine complexes were shown to have a tetrameric 

structure, as is described later. It is well established that halogen atoms can act as “ bridging ” 
groups between metallic atoms (for summary of work, sce Mann, Ann. Reports, 1938, 35, 151). 

In boiling benzene solution the molecular weight found for the bisamine complexes did not 
correspond to either a monomeric or a dimeric structure, The observed clevation of boiling 
point did, however, correspond closely to the observed and calculated values caused by an 
equimolecular mixture of monoamine complex and amine. The same phenomenon was observed 
in »hexane also. It is concluded therefore that at these slightly higher temperatures, the 
bisamine complex dissociated into the monoamine complex and free amine, but on cooling the 
solution the bisamine complex was precipitated again 


<= (CaBr,R-NH), + 4R-NH, 


|» 
4(Cabe.py) + 4R-NH, 


Further evidence supporting this idea of dissociation is that when treated with 1 equiv. of 
pyridine in hot solvents, the bisamine coraplexes form monopyridinocuprous bromide, the same 
compound as is obtained when the monoamine complex is treated with pyridine. 

The molecular weights of the monoamine complexes had to be determined ebullioscopically 
because of their insolubility in cold solvents. Cottrell’s apparatus was used and a similar 
apparatus containing the solvent alone was employed as‘ reference thermometer. This method 
of eliminating the influence of the barometer is more convement and decidedly more accurate than 
any method involving barometer reading and the application of a correction. The determin- 
ations were carnmed out in a small, draught-free room, out of the sunlight, and the precautions 


‘ 
q 


(1950) Long-chain Aliphatic Amines. Part II. 129 


mentioned by Washburn and Read (J. Amer. Chem. Soc., 1919, 41, 729) were observed. The 
values for the boiling points were extremely steady and reproducible under these conditions, 
although the method is very sensitive to outside disturbances, so that any rapid movements by 
the observer appreciably altered the thermometer readings. In order to correct for the amount 
of solvent refluxing in the apparatus and present as vapour, and to smooth out the irregularities 
of individual readings, the solutions were progressively diluted and a number of observations 
made 


It can easily be shown that 


where C is the weight of solvent introduced into the apparatus, C, ta the weight cf estate, ands 
is the weight of solvent “ refluxing "—a constant depending on the size of the apparatus. From 
(1), the graph of the weight of solvent plotted against the reciprocal of the elevation is a straight 
line, of slope 1000AC ,/M. The validity of the argument depends on the fact that the molecular 
weight is fatty constant over s range of concentrations. The straight lines obtained for a 
number of complexes when this graph is plotted sepport this contention. 

All the cuprous halide monoamine complexes (CuX,R-NH,), examined had values for « 
between 2°90 and 3-3. Their structures are presumably analogous to those of the complexes formed 
between cuprous iodide and trialkyl-phosphines or -arsines of empirical formule Cul,P(or As)R, 
X-ray analysis of triethylarsine—-cuprous iodide showed that the true molecule was (Cul ,AsEt,), 
(Mann, Wells, and Purdie, ]., 1936, 1503). Mann, in addition, carried out a series of molecalar. 
weight determinations on different members of the arsine and phosphine series in various solvents. 
Values of s in the polymer (Cul,PR,), were found in nearly all cases to lie between Jand 4. It 
is possible that the low values of x are due to an inherent error in the molecular-weight determin- 
ations such as non-ideality of solution, the use of approximate formula, etc. It seems unlikely, 
however, that such a large and consistent difference is due to those causes and the more probable 
explanation is that some type of dissociation occurs in the solution. 

Mann suggested that it was of the type (R,P.Cul), = 4(R,P,Cal), leading to a bicovalent 
cuprous complex. We have obtained, however, a certain amount of evidence for the following 
type of dissociation, at least with the cuprous iodide-amine complex : 

Thus we suggest that in hot solvents a small amount of amine splits off from the complex 
tetramer, but leaves the main bridged structure intact, a small proportion of the copper atoms 
momentarily having no amine attached. On cooling, the amine recombines once more and the 
original complex separates out. Quite a small degree of dissociation of this type, less than 10°, 
of the amine molecules splitting off, would account for the observed results. The evidence for 
the type of dissociation postulated is as follows. 

(1) Pure cuprous iodide-octadecylamine complex (compound A), was heated under reflux 
for about an hour in n-hexane in the presence of a small amount of dodecylamine. If octadecy!- 
amine had split off at all there should be competition between it and the dodecylamine when 
recombination occurred, and the product obtained on cooling and filtering (compound B) should 
contain dodecylamine and so have a higher copper content and lower carbon and hydrogen 
contents than the original compcund A. Thus there is no question of any changes in analysis 
figures being due merely to contamination with excess of amine. The results obtained are given 
below and clearly indicate that a replacement of this type has occurred - 


45-5 

(2) When the molecular weight of the complex was determined in the presence of different 
amounts of octadecylamine, the observed value increased (corresponding to a decrease in the 
degree of dissociation) as the ratic of the amount of added amine to the amount of complex was 
increased. This would be expected, as the added amine would force the reaction (2) from right 
to left. 

(3) On boiling a suspension of the pure complex in light petroleum in an open vessel for a few 
minutes, the solid lost a small amount of amine (which is slightly volatile in the solvent vapour), 
the copper content of the solid increasing from 13°85 to 142%. On recrystallising this from 
light petroleum containing just enough octadecylamine to make it soluble, the pure monoamine 
complex was obtained once more. 
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(4) Dissociation of this type is often encountered with co-ordination compounds of many 
different types. Thus most ammonis-cupric salt complexes lose ammonia very readily in air, 
and certain organic arsine complexes with metal salts are highly dimociated even in freezing 
benzene solution and smell strongly of the arsine, particularly the complexes of IrCl, with 
aryidialkylarsines (Dwyer and Nyholm, J. Roy. Soc. N.S.W., 1944, 77, 116; 1946, 79, 121). 
Kharasch ef al. (J. Amer. Chem. Soc., 193%, 60, 852) obtained an approximate molecular weight 
of 408 for the styrene PdCl, complex by the depression of the fp. of benzene. This is intermedi- 
ate between 282 for the monomeric and 564 for the dimeric form of (PdCl,C,HyCH°CH,) which 
should, by analogy with the PtCl, complex, be a bridged molecule. Instead of postulating 
splitting of the bridge, the value cas be explained by assuming partial dissociation into free 
styrene. 

We do not suggest that this type of dissociation explains all the observed phenomena of this 
type, for in the case of the cuprous iodide trialkylarsuine complexes the liberated trialkylarsine 
might be expected to oxidise easily and so lead to irreversible dissociation and decomposition of 
the complexes, which does not occur. Also, there is some evidence that dissociation into 
monomeric units also occurs. In the case of the reversible dissociation of the cuprous bromide 
bisamine complexes—presumably bridged dimers—into amine and cuprous bromide mono- 
amine complexes—-tetramers—it is difficult to see how the reaction can proceed except ma the 
bicovalent monomeric units. As is shown in Part LI], however, the mechanisms of reactions 
involving this type of complex in non-aqueous solvents are not clear, and dissoc:ation giving free 
anions may also occur. 

As mentioned above, the amine was readily replaced by a stronger co-ordinating group. 
Pyridine gave complexes with very low solubilities in organic solvents, thus making the determin- 
ation of their molecular weights umpossible. The compound obtained when — 1odide~ 
amine complexes were treated with pyridine had an empirical formula (Cul,C,H,N). Varet 
(Compt, rend., 1801, 112, 301) obtained the same substance as small yellow crystals _ ‘treating 
euprous iodide with pyridine, when treated with ether, the substance became white, and when 
exposed to air, it became green and then brown, as observed by Varet (lec. cit.). 

The monopyridine« uprous chloride complex, empirical formula (CuClL.C,H,N), was obtained 
as @ light yellow solid which rapidly turned green on exposure to air. In contrast to these 
substances, monopyridimocuprous bromide (CuBr,C HN) was a white microcrystalline solid which 
showdd no tendency to decompose and was extremely stable. This compound is not reported 
in the literature but Culir, 2C,H,N is a well-known golden-green crystalline solid, decomposing 
rapidly in air (Varet, Compt. rend. 1807, 124, 1156; Marukhyan, J. Gen. Chem. Russia, 1940, 
10, 917). 

The solubility of all the cuprous halide complexes in organic sGivents decreased as the chain 
length of the amine involved increased. The cuprous chiomde and bromide complexes, initially 
white solids, deepened in colour on storage in air, finally becoming a dark green. Their solu- 
tions, on boiling in air, undergo decomposition, and smell strongly of the amine. 


EXPRRIMENTAL. 


General Method of Preparation of Compleses mn an Inert Atmosphere —ia the preparation of all cuprous 
chiorule aad bromude complexes with amines, the same general method was employed. Variations in 
the reaction conditions are noted in the separate details of each experiment 

The whole apparatas (Pig 1) was disconnected at the ground glass joint A, and the Buchner flask, 
funnel, aod inlet tube were filled with the solvent to be used in the reaction. This was then displaced by 
passing a stream of nitrogen through the side-arm of the flask B, and allowing the solvent to pass out of 
the tube C. The site-arm and tube were closed and this portion of the apparatus was then placed on one 
side. The cuprous salt was placed in the reaction vessel D, and a stream of nitrogen was passed through 
the inlet tabe F for about 15 minutes, this clears out any residual oxygen in the apparatas. The amine, 
dissolved in the salveot, #as then added from the tap-funnel F, and the reaction allowed to continue uatal 
all the cuprous halule had dissolved (which indicated that the reaction was now complete), the nitrogen 
stream being continued meanwhile The solution was cooled, and the complex then separated at a 
temperatere which depended on the cuprous salt and amine used. The resultant solid was then filtered 
off im an atmosphere of nitrogen. The two separated parts were connected (as shown in Fig. |), and the 
skle-arm B connected to the water-pump The filter-pump was then turned on, and the kround- -glass 

aint 4 revolved 180°, whereupon the solid and solvent passed, via the glass joint and tubing, into the 
tachner fennel The was washed with solvent added from the tap-funnel F, and the prec 
then sucked dry for alxut 10 minates. The Buchner funnel and precipitate were finally trans’ 
quickly to a vacuam demccator tor drying 

Determination of Molecular Weights —Since the chloride and bromile cc uplexes decomposed in air 
when these complexes were used, the ay pow was filled with nitrogen, which had been eS 
alkaline pyregaliol, dried by concentrate: uric acid, and saturated with solvent sana 
stream of nitrogen was passed into the ( ott 's apparatas at the top of the di 
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Getermination, and the gas led away through about 4 feet of 
diffumon of air. below separate sections, 
the graph sumber refernng to Fig. 2 

in all the wath, Sion, light petroleum (b. p. 60-80") was esed, although the 
preparation of the complexes coukl also be carned out in other organi solvents. ¢ ¢ benzene, in which 
they were much more soluble, the temperature oft wparation bemg correspandingtv lower 

Preparation of Cuproms: Chlonde © aet.—-Wth cctadecylamane, Caprous chierkde (0-9 g., 
1 moi.) was heated with 100 mi. of light petrateum containing cctadecylamine (5-0 g., 205 mols) for an 
hour at 70-80". The complex formed was soluble above about 7 and the green solution formed was 
cooled to 55° and filtered. A light green solid was obt i, which turned dark green when left 
ia air for about 10 days (Pound: Cu 1734, 17-26 C,,H,NCICu requires Cu, 17-26%). The 
analytical hgures are for three 


With dodecylamine, Cuprous chloride (1-3 g., mol) was heated with dodecylamine (50 206 
mols.) in 100 ml. of light petroleum for 30 minutes at 60—65° The cuprous chloride dissolved and gave 
a dark green solution, which was filtered at about 40°, at winch temperature the — separated in 
large quantities. A white solid, it turned distinctly green within an hour (Found 497, H, O65; 
Cu, 22-2; M, 590. solution in benzene, 640 requires 
24% 1437) 


C, 
Pics. 2. 


ty 


We of solvent added 
With octylamine Cuprous chiorkle i 2.1 | was treated with 204 
in 60 mi. of light petroleum at 60° for 15 minutes. A green solution was formed 
white sold on cooling, which must be - since octylamine is a liquid at these Seataeiees 
Several at ts were made to filter it, but only a blue-green solid mixture was obtained 
ine The solution of cuprous chloride octylamine in hght petroleum, obtained as above 


was treated with an excess of pyridine (10 ¢.. 1-04 mols}, A yellow oil formed at the bottom and 
solidified on cooling to a yellow solid, which was filtered off in air The yellow crystalline solid, on 
exposure to air, quickly turned green 

wes.—-With octadecylamine, (i) Caprous bromide (10 ) 
was warmed with octadecylamine (24 ¢ mols.) in 100 ml. of light mat 55° for 20 minutes. 
The complex was filtered off at 20°. A L~-< solid, it became green fairly quickly (Found: Br, 
193; Cu, 1545. C,,H,NBrCe requires Br, 19-35; Cu, 154%) 

(ii) Caprous bromide (0-77 ¢.) was treated with octadecylamine (3-40 ¢.. 24/7 mols.) dissolved in 100 


mi. of hot light petroleum. Ali the salt had dissolved in 10 minutes at The btcan was 
a | at about 50°. A white soled, it changed to a green solid very + (Pound: Br, 11-4; Cu, 
N, requires Br, 11-7; Cu, 
(i) Cuprous bromide (1-0 g.) was warmed with dodecylamine (1. ret 
A of light petroleum at 35-40" for 10 minutes; a light green solution was obtained, On cooling 


to 16", the <_< ted and was filtered off. The white solid quickly became - (Found . 
Br, 24-2; Ce 2-2% in hexane, 1970; 5-6—8-0% in hexane, 2940; 3-0-—4-8%, in benzene, 995 
(see Fig. 2, 1). Cool requires Br 243. Cu, M, 1315). The graph obtained in »- 
hexane was pot a straight line, indicating a change in M on dilution. ‘The high value is difficult to 
int 


(ut) Caprous bromide (1-0 g) was warmed with dodecylamine (2-7 g, 2:1 mols.) in 150 mi. of light 
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petroleum at 45°; it disacived withic 5 minutes, and the compics began to separate at 38°. It was 
filtered off at 30° The white solid slowly became green (Pound: Br, 166; Ca, 124, 
im bensene, 445. N Cu, requires Br, 15-5; Cu, 124%; M, 1060). The 
molecular weight determinations in e and m benzene correspond closely to that Sor an 
equimolecular miature of the monoamine complex and amuse 

With (i) Cuprous bromade (14) was treated with octylamine (1-0 ¢. 1-1 mols.) in 
© mil. of light petroleum at 25°. After about 5 minutes the copper salt had dissolved and the green 
solution was cooled in ice-aalt. A white soled separated at ~10". It was filtered off and washed with 
oe-cold light petroleum. Little solid was obtained, it having apparently redissolved; it was very dark 
green. 


(i) Caprous bromide (1-0 ¢) was warmed with oe & (24 g.. 22 mols) in 100 mi. of light 
petroleaem. On thy by many dissolved to form a complex which 

ve & green solution. On « comples began to separate at 34° as a silvery-white solid 

‘ound: Br, 1965; Ca. 15-96; = benzene, 891. requires: Br, 
190; Ce, 168%; M, 804) 

With pyridine. Pyridine (0-35 1-1 mols), dissolved in warm te 
solution of cuprows bromide besdodecylamine (2-0 g ) dissolved in 60 of light petroleum at 46°. A 
feathery crystalline solid was deposited and filtered off while warm. It was washed with warm light 
petroleam and recrystallised from 20—30 m! of light petroleum contain a little pyridine. A fluffy 
solid, the compiles darkened rapidly at 130° without meiting (Found: C, 260, H, 22; N. 68; Cu, 266 

270; 23; N,@3; Cu, 300%) 

Ill. Preparation of Cuprows ledide Compleses With octadec me. Octadecylamine (0-05 ¢ 
1-34 mols), dissolved in 15 ml. of hot laght petroleum, was to a sw of cuprous iodide 
(O65 ¢., | mol) in 10 ml. of hot light petroleum. Within about 15 minutes at 65°, in the air, the cuprous 
todade bad dissolved, giving a deep.red solution, which on continued heating under reflux changed to an 
almost colourless solution. This was then cooled to about 30°. a very light-<oloured solid separated, 
which was filtered off, washed with warm light petroleum, and rec twice from light petroleum 
A white feathery crystalline complex, m. p. 98", was obtained (Found: C, 466; H, 835. Ca, 19-8, M, 
38-61% in hexane, 1402 (Fig 2, II); 38—5-3% in benzene, 1332 (Fig. 2, IV). CygH 1,Cu, 
requires ©. 470; #6; Ca, 138%; 1840), 

With hexadecylamine, Hexadecylamine (2-4 g., 1-46 mols.) was heated ander reflux with cw 
iodide (1-5 g., 1 mol.) in @0 mi. of light petroleum. The resulting colourless solution was cc ina 
refrigerator and a light straw-coloured complies ated, which was filtered off and washed with cok! 
light petruleum Kecrystallisation from 30 ml. of light petroleum yielded a yellow, microcrystalline 
solid (Pound: C, 440; H, Ca, 148; M 40-61% in benzene, 1335 (Fig. 2, V). 
requires 445; H.&2, Cu, 167%, M, 1728 

With pyridine. Totrakis(cuprous iodide octadecylamine) (1 g.. | mol.) was dissolved in 50 mi 
of light petroleum containing a small amount of octadecylamine To the hot solution, pyridine (0-18 
«. 1-06 mols) was added A precipitate of light feathery crystals was slowly formed, and was filtered 
ott while warm. On ex re to air, these commenced to turn light green, but when they were 
with ether, a white solid was obtained (Found; Cu, 236. Calc. for C,H,NBrCa: Cu, 236%). The 
reaction was repeated with a solution of cuprous iodide dodecylamine in the presence of excess of 
dodecylamine. a similar result was obtained. The final solid was washed with ether as before (Found 


Ca, 23-7%) Several other reactions have been carried out on a solution of the complex between cuprous 
tolide and dodecylam:ne in solution (see Paper III) without the isolation of the solid complex 
Unsrversity Cottece, ‘Recewed, July 1st, 1949.) 


28. Complexes between Metal Salts and Long-chain Aliphatic Amines. 
Part III. The Oxidation of Copper(1) Complexes to Copper(I1) 
Complexes. 

By R. and A. R. Burxe. 


Ca halide complexes with long-chain amines and with pyridine, having empirical 
formule CuX,2, undergo aerial oxidation and in the presence of amine salts, Z. HX. form the 
conapeas cupric halide com plexes, ( uX,2Z, Xv ting the halogen atom and Z the 
ligand. The effect of changing X and Z is studied. oxidation leads to the formation of 
hitherto undescribed complexes of cupric iodide with amines, Cul, 2R-NH, The mechanism 
of the reactions not known. 


.AN interesting oxidation reaction, involving the cuprous salt amine complexes (Part II) and 
the cupric salt amine complexes (Part 1) has been discovered and investigated. If tetrakis- 
{cuprous chloride (or bromide) monoamine), dissolved in a non-hydroxylic solvent such as 
benzene, chloroform, or m-hexane, was heated under reflux with the corresponding amine 
hydrochloride (or hydrobromide), then aerial oxidation occurred and a cupric chloride (or 
bromide) amine complex was formed (RK « C,H,,, or X = Cl or Br): 


+ 4R-NH,X (4 20) —» «CuX,2R-NH, (4 . 


‘ 
| 
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An analogous reaction was observed with the cuprous iodide amine complexes but it was very 
much slower and less complete, especially with the higher amines, ¢.g., octadecylamine. These 
compounds are an interesting example of the stabilisation of an unusual valency state by 
co-ordination (cf. the formation of cupric iodide complexes with ethylenediamine; Morgan and 
Burstall, 1926, 2015). 

This type of oxidation reaction was shown to be fairly general for univalent copper 
salt complexes with amines. If the complex formed between one molecule of cuprous halide 
and one molecule of pyndine was treated with the corresponding pyndine salt, then dipyridino- 
cupric halide was formed (X = Cl, Br, or 1; py = pyridine) : 


2(CuX.py) + Spy HX (+O) — HO). . . . . 


(1) X= Cl. Dipyridinocupric chloride, CuCl,2C,H,N, is well known. Cox, Sharatt, 
Wardlaw, and Webster (J., 1936, 129) prepared it in a number of ways in an unsuccessful 
attempt to obtain the cis-form. The product of this oxidation reaction was a blue micro- 
crystalline solid, which recrystallised from methyl alcohol as fine, pale blue needles, exactly as 
described by Cox ef al., and was, without doubt, the trens-compound also. 

(2) X= Br. The product of the oxidation reaction, dipyridinocupric bromide, 
CuBr,.2C,H,N, was obtained by Pfeiffer and Pimmer (Z. anorg. Chem, 1905, 48, 95) as green 
needles, by direct reaction betweeh the components. 

(3) NI. The reaction was extremely slow, and although it is believed (from colour 
changes of the solutions) that a small amount of oxidation occurred, no pure dipyridinocupric 
iodide was obtained, and large amounts of unchanged reactants were recovered. 

By the use of this reaction, it was hoped to prepare a compound of the form (I), by 
an oxidation of the general type : 


+ 4R°NH,Y (+ 20) — > 4 


The investigation was divided into two stages (i) changing the anion and using the same 
amine, and (ii) changing the amine and using the same anion. In reactions of type (i), 
disproportionation occurred and two products were formed (X « Cl, Y « Bror OAc; X = Br, 
Y = Clor OAc; X = I, ¥ = Clor OAc): 


(mh) 


Possibly the intermediate compound (1) is initially formed but this extremely quickly 
disproportionates to the products (II) and (111). The mechanism of the reaction is not clear, 
but must involve the breakage of a metal—halogen (or a metal-acetate) covalent bond. The 
. two ways of effecting this are via (a) free radicals and (6) ions. The former is excluded since 
no halogenobenzene or phenyl acetate is formed when the reaction is carried out in benzene, 
unless it is postulated that the free radicals react much more quickly with each other than with 
benzene. Therefore the reaction involving ions must be explained on the idea that a small 
equilibrium concentration of ions is present in the non-polar solvents benzene or m-hexane, It 
is hoped to carry out conductivity measurements on the system in an attempt to detect such 
tons, 

Broome, Ralston, and Thornton (J. Amer. Chem. Soc., 1046, 68, 849) carried out a spectro- 
photometric study of bisdodecylaminocupric acetate, Cu(OAc),.2C,,H,.NH,, and showed that 
a 0-04™-solution in chloroform, at room temperature, dissociated into dodecylamine and cupric 
acetate to the extent of 10%. Further evidence for the comparatively loose attachment of the 
amine is shown by the fact that an analogous disproportionation reaction to the one described 
above, but now involving the co-ordinately-bound groups, has been observed; ¢.¢., 

(CaCl). NH), + NHI (+ 20) > 
,NH,<,H,, 
[ | + 2H,0) —»> (C,H, + NM), (D) 
Cyl NH,” 
(iv) 
Small amounts of the intermediate compounds (I) and (IV) may be formed. These would 
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disproportionate easly, however, and their separation and identification would be extremely 
dithe ait 

The ease of oxidation depends on (a) the halogen and (6) the basicity of the amine. The 
complexes of cuprows chloride with amines and with pyridine are more rapidly and more 
completely oxidised than those of the bromide. The effect of the amine is most clearly shown 
when the cuprous indide amine complexes are considered. About 40%, of cuprous iodide 
dodecylamine is oxidised in the presence of dodecylamine acetate, when equimolecular 
proportions of the reactants are heated together in solution for 2 hours (Reaction C; X — I, 
OAc, R The corresponding reaction involving hexadecylamine takes place 
to the extent of only about 5%, even when the reactants are heated under reflux in solution 
for 4 of more hours. 

The heating together of tetrakis(cuprous iodide octadecylamine) with octadecylamine 
acetate for several days, in high-boiling solvents, does not result in appreciable reaction. 

Cupric todide binlodecylamine was obtained, pure, as a dark brown waxy solid. The 
complexes of cupric icdide with hexadecylamine and octadecylamine were dark brown powders, 
which could not be obtained tree trom the reactants, simce they were formed in such small 
amounts. 


EXPERIMENTAL. 


1. Omdation Reactions of chloride alkylamines\.—In this section, the reactions of 
the octadecylamine complex are described as typical for all the other members of the series 

(o) In presence of cctadecylamine hydrochloride (Reaction A; X = Cl, R = C,,H,,). Freshly 
prepared cuprous complex (0-75 ¢. 1 mol) was dissolved in 30 mi of hot chloroform and added to 
octadecylamine bhydrochiorde (0-63 ¢. 105 mols) dimolved in 20 mi. of hot chloroform. The hot 
green solution changed to bive almost immediately, and was heated under reflux for § hour. The 
solution was cooled and filtered at 45°. The solu! deposited was recrystallised three times from 


chiereform A blue m 125°. was obtained (Found: Cl, 6, Ca, O94 Cale. for 
Cl. 106; Ca, 4%). The reaction involving dodec ine was carried out in a 
similar and blue solk! was isolated, m. p. 124° (Found a1; Ca, 12-46. Cal. for 


Cy Hy Cl 14-05, Cu, 12-6%) 

ry In the Presence of octedecylamine acetate (Reaction X ¥ OAc, R = C,,H,,). Cuprous 
chloride mono-octadecylamune (1:5 1 mol) was treated with octadecylamine acetate (106 
09 mol.) in 100 mi. of benzene Teen solution quickly changed to a deep blue colour, and was 
heated under reflux for 45 minutes ond then cooled. A solid separated and was hitered off at about 35°; 
this was dark llac-blue fraction (1)|. The filtrate was dark blue and, when left overnight, deposited a 
lilac solid ‘fraction (u Fraction (1) was dissolved in 1060 mi. of boiling benzene and cooled to 65°, at 
which temperature the solid was filtered off = [t was recry — from 8) ml of hot chloroform, giving 
pale blue soll, m p. 125° (Found: C, 668: H, 11-7; N, #3; Ci 106; Ca, 94 Cake. for 
CH, HL N. Cl 106; Ca, 04%). Fraction (ii) was dissolved in 30 mi 
of hot benzene and cooled. At about 45°, a solid separated which was Gltered off at about 40° 
Recrystalliaation was repeated from 30 ml of benzene. A lilac solid was obtained, m. p. 95° (Found 
Cu, Cale. tor CL. Ca, The reaction involving dodecylamine was carried out 
in similar manner and two soli is were obtained blue, m. p. 124" (Found: Cl, 14; Cu, 12-56%), and 

rectangular plates, 78° (Pound: Cu, Ill. Cak. for C,H Cu, 
5% reactions were also carned out in chloroform and in s-hexane with sumilar results. 

le) im the presence of octylamine Aydrochlonde (Reaction D). The cuprous complex (1-2 g., 1-0 mol. 
was dimsolved in 60 mi. of hot benseme and added to octylamine hedrochloride 09 mol 
dissolved in BF) mi. of hot benzene. The hot green solution formed was heated under reflux for 
45 minutes. It was then cooled; a solid separated at room temperature. This was filtered off and a 
light blue solid was obtamed fraction (i)) together with a green filtrate, which when left overnight 
deposited more blue solid fraction (i), Fraction (i) was recrystallised twice from 70 ml. of chloroform, 
the solid separating at about 45° being filtered off at 35° (Found: Cu, 1. Cale. for C,,H,.N,Cl,Cu ; 
Ca, 94%) Fraction was not further treated (Found: Cu, 1246 Cale. for Nia: 
16-2%,). Fraction (u) appears to be a mixture of the two consplexes of cupric chloride with octylamine 
and with octadecylamme. there is no dowbt. however, that disproportionation occurs 

(4) Omdation of chloride im the presence of pyridine hydrochloride (Reaction 
X «Cl. Pyridinocuprous chloride (as prepared in Part I!) was separated from the supernatant green 
liquid by decantation and dissolved in benzene (green solution). An excess (1-2 mols.) of pyndine 
hydrochloride dissolved in hot chloroform was added. The resulting dark solution quickly deposited 
& blee soled mm large amounts. This was heated woder reflux for a few minutes (the blue solid remaining 
insoluble) and then cooled. A light-blue microcrystalline powder was filtered off. This was 
recrystallised from methyl! alcohol, and fine pale blue needles were obtained (Found: Cl, 24-2; Cu, 
210. Cake. tor CLH Cl 242; Ca, 21-7 

Il. Ondation Reactions of Tetratiscaprows browads alkylamines) reactions of the octadecyl- 
amine complex are described as typical of those of all the cuprous bromite-amine complexes 

(a) Im the presence of cctadecviamine tydrobromids (Reaction A, X Bir, R Cy,Hy,). Freshly 
tetrakisicuprous bromile octadecylamine) (1-0 | mol) was dissolved in Ys mi. of warm 

zene, and to it was added otadecyiamime hydrobromide (0-85 g.. 1 mol.) dissolved in 35 ml. of hot 
benzene The resulting dark green solution was heated under reflux for about 4 hour, and then cooled 
to room temperature. A green solid was deposited, and the dark greenish-brown filtrate when left 


11950) Long-chain Aliphatic Awmunes. Part 111. 


A solid sep and was i off, hed with 
he wee ebtained (Fousd 572, H, 102; N, 40; 
C, 666. HM, 103; 21-40%). 

Im the presence of ectudecylamina (Reaction XK Bir, Y Cl R 
Tetrakis(cuprous bromide octadecylamine) (10 ¢., | mol.) was dissolved in 25 mi. of 
octadecylamine hydrochloride (0-74 g.. | mol), dissolved in 35 mi. of benzene, was 
green solution was heated under x for about 45 minutes, and then cooled “he « 
separated and was filtered of. The a filtrate deposited more green solid w 
apple-green solid dissolved in ml of em to pit a dark 
re-deposited solid, which was filtered off flerent 


solid was obtained, mp. 125° (Found; Cu, 94%). The Giltrate deposited a green solid on cach 
occasion, m. p. 113° (Found: Br, 21-53%) 

In the presence of octadecylamine acetate (Reaction C; X Br, Y OAc, R C, Tetrakis- 
‘cuprous bromide octadecylamine) (1@ ¢. 1 mot) and octadecylamine acetate (0- . 102 mols), 
dusolved un 25 mi. aad 30 ml. of hot beasene, 


of Whac solid. The blae-green filtrate, on further storage, deposi 
solid, ree from benzene, had mp 113° (Found. Ber, 214. Cale. for 
é recrystallised twice from small quantities of benzene (20 had m. p 
Fou u, $8 

Ondation of bromide im the of hydrobromids (Reactrwon 
X= Br). Pure bromide 1 in benzene, was treated with a 
solution of pyridine hydrobromide (0-07 1 mol) in 15 ml. of benzenc-alcobol. Most of the qomgies 
dissolved sales on bei ted under reflux for a short tume, a deep-brown solu tion was formed, together with 
an insoluble green « The brown solution, on cooling, deposited more green solid, m p. 142". This 
sold gave, with excess of pyridine, hexap cule bromite, Co Br, and with hydrotromec 
actd, reddish-black finiam co H Cahir, (Pteifler and "Pimmer, foe, eit | 

Ill. Owidation Reactions of | ta) 
Cy ous — and acetate 
suspension 1 mol.) in 40 ml. of light 
p ) when octadecylamine acetate (0-36 i mol.) was added. The Sr 
heated under refiax for several days (4) alone and of excess 
amine (to make the reaction conditions similar to those used in the 
solution finally obtained, on cooling, depomted first a white solid, m. p. $6—81° (m. p. of 
acetate 84°), and then unchanged caprous ee. 

Reaction between tetrahis(cuprous and hexadecylamine acetate (Reaction C; 
X «= I, ¥ = OAc, R = C,,H,,). A solution of cuprous iodide monohexadecylamine (0-6 ¢., 1 mol} 
in 30 mi. of hght m, containing a small amount of hexadecylamine, was heated onder reten 
with a solution of hexadecylamine acetate (6-4 ¢., 106 mols) in 20 mi. of Nght petroleum. The initial 
green solution slowly became brown, after about 3 hours the solution was cooled, and a small amount 
of solid separated. This was filtered off, and a lilac solid was obtained; the brown filtrate on cooling 
contunued to deposit a light-brown solid (a mixture of unchanged reactants and small amounts of the 
cupric jodide complex). When about 5—10 ml. of solation were left, no further solid separated and 
the brown solution on complete evaporation left a dark brown viscous solid, which on cooling in the 
retrigerater solidified and could be crushed to a brown powder, which however was not obtained pure. 

{e) cuprous iodide dodecylamine and dodecylamine acetate (Reaction C; X = I, 
Y¥ = OAc, - Cuproes iodide (0-6 g., 1 mol.) was treated with dodecylamine (0-75 g.. 
1-4 mols) in ’" ~ Plight petroleum. After about 15 minutes, all the cuprous todide had dissolved 
and a red solution was formed. To this hot solutioa, dodecylamine acetate (0-66 g., | mol), dissolved 
in 30 mi. of light petroleum, was added, and the pale green solution formed was heated under reflux for 
20 minutes. On cooling, this solution became dark green, but no solid was ted. However, when 
it was left in an open dish for about 20 minutes, some solid was deposited is was filtered off and a 
brown-lilac solid [fraction (i)! was obtained together with a green filtrate. This filtrate, on further 
storage, deposited more solid (lilac-brown, smelling strongly of free iodine) together with a dark brown 
filtrate which deposited no more solid, but left a dark brown, almost black, waxy solid [fraction (ii)) 
on complete evaporation. Passage of carbon dioxide through the dark brown light- petroleucn solution 
precipitated, as the carbonate any excess of amine remaining in solution at this stage. The limited 
solubility of the cupric acetate amine complex and the extreme solubility of the cupric iodide amine 
complex thus makes a very effective separation possible. Fraction (i) was dissoived in 30 mi. of hot 
benzene, and the blue solution t for an hour in an open beaker, My mgt te aa oy 
deposited. This was filtered off, washed, and dried, transparent, lilac, 
obtained (Found 111%) Pee tion todide lammime, 
organic solvents (Pound: Ca, requires Cu, 0-25 

d) Reaction between cuprous diode vlamuine (Reaction A; X «1, 
R = Cuprous todide-<lodecylamine, in benzene solution (1 | mol) (see 
paragraph), was treated with dodecylamine hydriodide (0-8 g., 0-07 mol) in *%” mi. of benzene, and the 
solution heated under reflax for 5 hours The light-brown solution obtained, on cooling, became dark 
red, and finally brown-red. The solution was transferred to an evaporating dish and kept overnight; 
a dark brown, waxy solid, very similar to that obtained as described in paragraph (¢), remained The 
solution of the solid, in light petroleom, was cooled in a freesing mixture: some solid separated 
(dodecylamine hydnodide?) and was filtered off. Carbon dioxide was through the hitrate, and 
once more the solid was filtered off. The filtrate was evaporated to iynces Analysis of the waxy 
residue indicated that it was the cupric iodide complex contaminated with unchanged dodecylamine 
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end came (ound: 1. 406; Ca, Cale. for 1, 200: 


Messrs. Weiler and Straces, Oxford, carried owt the microanalyses. Our thanks are due to 
Armour & Co. Ltd. for certain samples of amines, and to the Department of Scientific and Industrial 
Research for 4 maintenance grant to one of us (KR. G. W). 


Universtry Cottecs, Sourmamrron. (Recewwed, July et, 1949.) 


29. Triad Prototropic Systems. Part I. The Mobility of the 
Azwmethine System during Decarborylation. 
By Fawzy G. Banna. 


Whereas -nitrobenzylidene-ethylamine and and 
hexylamine and -ethylamine do not undergo tautomerism when refluxed with 50% glycerol 
of even dry pyridine, |-aminocyelohexane-|-carborylic acid and alanine are readily degraded. 
when heated with p-nitro- or o-chloro-benzaldebyde in 75% pyridine, to cyclohexanone and 
acetaldehyde, respectively. This shows that the anion af I and VI) resulting from the 
decarbonylatios of the corr vading azomethine-carboxylic acid (cf. Land V), which ts supposed 
to be formed as an intermediate product. is more mobile than the corresponding azomethine 
fet. and Purther, m-<chlorobenzaldehyde and dichloroacetone degrade alanine and 
e-aminotsbutyric acid to acetaldehyde and acetone, respectively. In all cases the degradation 
is facilitated by replacing 50%, glycerol by 75%, pyridine 


is a previous publication (Baddar, J., 1949, S 163), the degradation of 2-amino-acids by certain 
carbony! compounds was interpreted electronically. According to this interpretation the 
degradation can be effected by any carbonyl compound, in which the carbonyl! group is preferably 
directly attached to, or conjugated with, strong electron-attracting groups. The azomethine 
systems are known to be immobile (cf. Ingold and Piggott, /., 1922, 121, 2381) and tautomerism 
in these systems requires strong nucleophilic reagents such as sodium ethoxide (cf. Ingold, 
Shoppee, and Thorpe, /., 1926, 1477; Ingold and Shoppee, J., 1929, 1199). The degradation 
of a-amino-acids with certain carbony! compounds is supposed to take place by the condensation 
of the carbonyl compound with the a-amino-acid to give an azomethine-carboxylic acid (cf. 1), 
which is then decarboxylated to an intermediate anion (cf. 11), This, owing to its mobility, can 
combine with a free proton to give a mixture of the two possible tautomerides (cf. II] and I'V) 

Near CHyCH, CY Co cu, cH, 
He 


CHyCH, CHycH, 


CHyCH,. 
NO, CHy NH, + OX CH, 
CHYCH, 


+ KY 


CHYCH, 
nye 


CHYCH, 


In the present investigation the author made a comparative study of the effect of decarboxy!- 
ation on the mobility of these systems. It was found that, whereas certain azomethines are 
immobile even in presence of strong nucleophilic reagents such as sodium ethoxide, the system 
becomes mobile, even in presence of a weak nucleophilic reagent such as pyridine, if 
decarboxylation is expected to take place as an intermediate step. Thus, whereas, p-nitro- 
benzylidene-ethylamine, and -cyclohexyiamine (II1]) gave practically no acetaldehyde or cyclo- 
hexanone respectively when refluxed with 50° glycerol or even with dry pyridine, alanine (cf. 
Raddar, foc. ot.) and l-aminoeyelohexane-l-carboxylic acid gave, when refluxed with 50% 
glycerol, acetaldehyde, and cyclohexanone respectively 

Similarly, whereas o-chlorobenzylidene-cyclohexylamine (VII) and -ethylamine did not undergo 
tautomeriom when refluxed with dry pyridine or, in the case of the former compound, with 


> 

no,¢ }CH—N—~ CH, 

(il) 
i\ 
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alcoholic sodium ethoxide, -aminoryelchexane- -carboxylic acid and alanine were degraded with 
o-chiorob idehyde, when heated with 75%, pyridine, to cyclohexanone and acetaldehyde 


respectively. 

If the azomethine-carboxylic acids (1) and (V) are formed as intermediate products and the 
tonic nature of decarboxylation is accepted (cf. Brown and Hammick. /., 1949, 173), the corre- 

azomethine-<arboxylate tons afford on decarboxylation the mesomeric 

anions (I1) and (VI) respectively. This naturally requires much less energy than that necessary 
for the extraction of a proton from the azomethine systems (111) and (V11). 

o-Nitrobenzaldehyde with 1 dob l-carboxylic acid gave an indigo-blue com- 
pound, but no eyeehexanone was isolated. The nature of this compound, as well as those 
similarly obtained from alanine and «-aminoisobutyric acid (cf. Baddar, loc. cif.), is under in- 
vestigation. The yield of cyclohexanone liberated from 1|-aminocyclohexane-]-cat boxylic acid 
with m-nitrobenzaldehyde was much less than that with p-nitrobenzaldehyde. This supported 
the previous assumption by Baddar (Joc. cit.) that in m-nitrobenzaldehyde the nitro-group operates 
only by its relatively weak inductive effect (— J), whereas, in p-nitrobenzaldchyde it operates by 
both its inductive (— J) and its strong tautomeric (— 7) effect. 


a 


cn 


€ 


NCH 


In o-chlorobenzaldehyde the chlorine atom appears to operate only by its strong inductive 
effect (—J), thus effecting the decarboxylation of the azomethine-carboxylic acid (V) and 
enhancing the mesomeric shift of electrons in the intermediate anion (VI). The electromeric 
effect (+£) of the chlorine atom appears not to operate in this degradation, as the yield of 
acetaldehyde and acetone liberated from alanine and 2-aminoisobutyric acid, respectively, by 
o-chlorobenzaldehyde was slightly higher than that liberated by m-chlorobenzaldehyde under 
the same conditions. 

The above observations, however, add a further proof to the ionic nature of prototropy (cf. 
Ingold, Shoppee, and Thorpe, loc. cit.; Ingold and Shoppee, Joc. cit.; Shoppee, /., 1931, 1225). 

The degradation of alanine and 2z-aminoisobutyric acid to acetaldehyde and acetone 
respectively was effected also by s-dichloroacetone in boiling water. The yield increased when 
water was replaced by 50° glycerol. This showed that the effect of glycerol in increasing the 
yield is not merely to aid dissolution or wetting but is probably caused by its higher boiling 
point and its greater nucleophilic character. Under similar conditions s-dichloroisopropy! 
alcohol failed to effect this degradation. This showed that the carbonyl group in s-dichloro- 
acetone is involved, probably by a mechanism similar to that mentioned above. In s-dichloro- 
acetone the two chlorine atoms exert more electron-attraction on the system than the one chlorine 
atom in the chlorobenzaldehydes, and thus cause an easier degradation. 


EXPERIMENTAL. 


The degradation of e-amino-acids was carried out as mentioned by Baddar (lec. cif.) The liberated 
carbonyl compounds were identified as their 2: 4-dinit yibydrazones. Yields are reproducible 
within + 10%, although they are of no quantitative sig as the hydrazones were contaminated 
with traces < t those of the original carbonyl compounds 

Degradation of Alanwne with o- and m-Chlovobensaldchyde ——(i) 0-Chiorobenzaldehyde (0-46 1 mol.) 
and alanine (0-3 g., 1 mol.) were heated on a boiling water-bath with 75%, pyridine (20 cc.) in a carbon 
dioxide atmosphere for 3 hours The liberated acetaidehyde was preci tated as its 2 4-dinit yl- 
hydrazone (ca. 0-09 g) (Found: C, 43-2; H.3-7; N, 268. Cale. for C,HO.N,: C, 420; H, 36; N, 
25-0%,), which was crystallised trom alcohol and identified by its mp and mixed m. p. with an authentic 


imen 
The eupestmant was supested b Jdehyde, and the liberated acetaldehyde was 


Chg 
(Vil) 
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at ite 2 (oo. 065 and identitied as above (Foand  N, 25-4, 

When the degradation was carried out with ochlorobenzaldchyde (6-46 ¢) in 50%, glycerol [c/ 
Thakdar, doc. ost}, only ca O01 of acetaldehyde 2. é-dinitrophenylhydrazone was collected, which after 
two cryvtalliestions were identified as above 

Degradation of with mature of dichiorvacetone (0-44 | mel), alanmne 
¢.). and water (20 was refluxed im « carboe divaide stam «tor hours. The pr tated 
hydrasone (cs. O07 g) was crystallised from dilute alcohol and identified as above (Found: C, 42-9. 
H, 36: N, 343% 

water was replaced by 40% glycerol, the yield of acetadehyde enormously increased = 
could net be ased as appeared react with dn hloroacetone 

@ yr aced, when semilariy treated. gave acetone 

Uader smilar conditions +<dichblorossepropy! alcohol failed to effect the degradation of alanine 

Degradation of Acid with o and mixture of the chloro- 
benzaldehyde (646 ¢ mol), acid (6-35 1 mol}, and 75%, pyridine (20 oc) was 
heated for 3 hours as above 

With the precipitated denvative ca. g) was crystallised from dilute 
alcohol and as acetone 4 Pound. C, 455, 463, 41,43, 
30. Cale for CHOWN, C, 45-4, H, 42, N, 23-05%), by its m. p. and mixed m. p. with an authentic 

i) With m-chiorobensabichyde, the precipitated acetone 2: 4-dinitrophenylhydrazone (ca. 0-55 g ) 
was identified as above (For 4d: C. 458; H.43, N, 23-5, 23-4%) 

With 50%, glycerol practually oo acetone was liberated 

Degradation of Acad with p and m-Nitrobenzaldehyde —The amino- 
(O53 | mol.) aad the aitrobenzaldehyde (0-5 ¢ 1 mol.) were heated with 50% glyverol (20 « for 
3 hours in a carbon dioxide atmosphere. Water was added and the product distilled in a carbon dioxide 
atmosphere The distillate was treated with a solotion of 2 ¢<linitrophenylhydrazine hydrochloride 
The pre« ipitated derivative was extrac ted with botling alcohol, filtered from the insoluble derivative of 
the artrotensakdehyde, diluted with water, and allowed to crystallise. In case of p-nitrobenzaldchyde, 
the yield of the crystalline derivative was about 6-15 ¢ . and was identified as cydohexanone 2) 4-initro- 
phenythydrazone by m. p. and mixed m. p (Pound: C, 51-7, 520, H,52,50; N, 206,201. Cale for 
Cyl ON, H, N, 201%) 

With = -nitrobeazaldehyde, traces of the cyclohexanone derivative were isolated and were ulentified 
by m p. and mixed m p 

o Nitrobenszaldehyde gave an indigo-blue compound but practically no cyclohexanone came over on 
distillation (cf. Baddar, loc. ov 

Degradation of \-Amnocy: lohesane. -carborylie Acid o-Chlorobensaldehyde -—A mixture of ochloro- 
henzaldehyde (0-3 g ), the «amino-acid (0-3 g.), and 75%, pyridine (20: was treated as above. The 
reaction mixture was acidified with dilute hydrochloric ack and distilied. The distillate was treated 
with 2. 4-dinitrophenylhydrazime hydrochloride, the precipitated derivative extracted with hot alcohol. 
and the solution filtered. The filtrate was diluted with water and allowed to crystallise. The product 
was recrystallised from dilate alcoho! and identified by m. p. and mixed m. p. as cyclohexanone 2: 4-di- 
nitrophenyihydrazene. The fraction insoluble in alcohol crystallised from acetic acud in orange-red 
crystals, m p. 2085-2006", undepressed on admixture with an authentic specimen of o-chiorobenz 
aldehyde 4-dinitrophenavibydrazone 

When the was carried out in glycerol instead of 75%, pyridine, practically 
no cydohexanone was liberated 

Chiorobenzaldehyde (5-0 was treated with anhvdrous ethy! 
amine (6 ¢¢.) in the cold. Heat was evolved and the aldehyde dissolved. The mixture was left over 
night at room temperatere, dilated with water, and extracted with ether The o chlorohenrylidene 
sthylamine was dried (Na and distilled, to give a colourless oil, b. p. 84-5°/3 mm. (Found: 64-4; 
H. 460; N. #0, Cl 21-4, 21-5. C,H NCI requires C, 66-5; 6-0: N_ #46; C1, 21-2%). It was 
soluble in dilute hydrochloric ackl, and decomposed to give the original aldehyde on warming 


choke (II -An ethereal solution of (1 ) and eyclo- 
hea ylagune (0-66 was set aside overnight The ethereal solution was washed with 2%, acetic acu! and 
with sodiam hydrogen carbonate solution, and then dried (Na,50,) Evaporation of the ether left a 


benrylidene derivative (ca. 1-5 which crystallised from light petroleam p. 40---70") in colourless 
prismatic needles. p. &4-5—86° (Found. C, 674, 6690; H, 69,69; N, 11-8, 12-23 wll, ON, 
requires C, 67-2; 6B; 121%) 

yc An ethereal solution of o-chlorobenzakiehyde (2.8 ¢ ) and 
eyetohexylamine (2-0 ¢) was treated as abowe. The dry product was distilled in a vacuum, to give 
©  loke as a colourless oil, b 135-138" mm. (ce. 38 (Found: C, 
Toe, 70, 73: 64,63. Cl. 16-5, 156 NCI requires ( 70-4; H, 72; N,@3; Cl, 
1eo%, It dissolved in dilute hydrochloric acid and decomposed on warming 

mixture of (05 ¢.) and 30% aqueous 
ethyvlamine (4 ¢ ¢ ) was heated for few mimutes on a water-bath The mixture was diluted with water, 
and the precipitated prodwct (0-55 ¢ ) was filtered off and crystallised from light petroleum (b. p. 60-70") 
in colourless silky needles, m. p. 76—-77" (Found: C, 61-0, 607; H, 57, 54; N, 164, 155%, M 
176) CHOWN, requires 60-7, 157%; M, 178) 

Tantomertom of o — 1) When (0-5 ) 
was heate! with 50°, glycerol (20 «c¢.) for 3 hours in a carbon dioxide atmosphere, practically no 
acetaklehvde was liberated. A similar result was obtained when glycerol was replaced by dry pyridine 
aml the mixture refluxed for 6 hours, followed by acidification with dilate sulphuric acid and distillation 
tm a carbon diosule atmosphere 


(ti) The asomethine (0-5 ¢ ) was reflawed with alcoholic sodigm ethoxide (1 ¢. of sodiam in 20 cc. of 


| 
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absolute alcohol) for 5 howrs. The solution was acedified with dilute sulphuric acid, and the liberated 
acetaldehyde was driven off by a stream of carbon dwande An appreciable amount of acetaldehyde 
2: 4-ding benylbydrazoee was collected and klentified by ite p. and mixel mp. However, « 
similar result was obtained! when the ex { was repeated with ethylamine itsel! 

amtomertsm of p- and ycloheryiamene —-The atomethines were reftuwed 
with 40% glycerel of dry pyrxdine as stated abowe The product wes acidified with dilute sulphurk acid 
and dastilled) Practsxally no acetaldehyde or eyclohexanane was obtained 

automerism of o — The asomethine was similarly refluxed with 
50%, glycerol, dry pyridine or sodiam ethoxide. The acidified solution was distilled, and the distillate 
treated with 2: ¢-dimitrophenylhydrazine hydrochloride. The precipitated derivative was extracted 
with hot alcohol, and the extract filtered, diluted with water, and allowed to crystallixe, The 
precipitated product, ochlorobenzakdehyde (trace), melted at 200-202 


M. psare not corrected. Microanalyses were carried out by Drs. Weiler and Straass of Oxford 
Fouav | Universery, of Scamece, Casino, Eovet. (Received, 17th, 1048. 
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By J. W. Coox, G. T. Diexson, J. Jack, J. D. Loupon, J. McKeown, J. MacMnucan, 
and W. PF. 


In Part V (/ , 1965, 176) it was shown that a degradation product of colchicine, deamino- 
cokchinol methyl ether. is a derivative of dibenzeycioheptatriene, and a synthesis of this parent 
hydrocarbon was described in Part VI (/., 1947, 746). The present communication records the 
preparation and cyclisation of 2 aced (111i) and some of ite derivatives with 
4 view to determine whether Uhis type of method is adaptable to the synthesis of dibenaryele 
heptadiene derivatives related to colchicine. In agreement with the conclusions of von Braun 
and his collaborators, the main product of cyclisation of (111) was found to be 4-phenylindanone 
(1V), bet there was also formed, albeit in yields of less than 10%, the seven membered 
ring ketone (V). The cyclisation of various methoxylated derivatives of (111) was also examined, 
bet im no other case was evidence of seven-membered ring formation obtained. The ketone 
"(V) was also synthesised from diphenic acid. Poor yields at an early stage discouraged attempts 
to extend the method to the synthesis of derivatives of (V) 


Observations are recorded on the desulphuration of thiol esters of some aromatic acids by 
means of Rancy nickel 


Tue course, (I) ——» (ID), taken by the Friedel-Crafts reaction when applied to the acid chloride 
of (1) (Barton, Cook, and Loudon, Part VIII, J., 1949, 1079; Huang, Tarbell, and Arnstein, 
J. Amer. Chem. Soc., 1048, 70, 4181) is probably determined by a combination of orienting 
influences and steric factors. Considered from the point of view of cyclisation to a T-membered 
ring, the methoxylation pattern is unfavourable; in particular, the position of the methoxy! 
group in the disubstituted nucleus is unfortunate, since the directive powers of the substituent 
are not enlisted to offset the steric difficulty which is implicit in the rule that, ceferis paribus, a 
5-membered ring is formed in preference to a 7-membered ring. Hecause of the importance of 
dibenzcycloheptadienones in the chemistry of colchicine we have now investigated the direction 
of ring-closure in several compounds related to (1). 
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Von Braun and Manz (Aanalen, 1929, 468, 255) have reported that the indanone (1V) is the 
sole product of cyclising (111) by the Friedel-Crafts reaction. Their conclusion, however, is 
based on very unconvincing evidence : the indanone (1V) is described as an oil, alleged to be 
homogeneous because it afforded a sharp-melting semicarbazone (no analyses are given), and 
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ideptified only through oxidation with nitne acid which appeared to yield a nitrated derivative 
of phthalic acid as judged from 4 qualitative nitrogen test and a fluorescein reaction. For 
re-in vestigation, diphenyl-2-aldehyde was conveniently prepared from the acid by the McFadyen- 
Stevens process (/., 1936, 564) and was condensed with malonic acid to §-2-diphenylylacrylic 
acid (cf. Zaheer and Faseeh, ]. Indian Chem. Soc, 1944, 21, 381). Hydrogenation of the latter 
acid using a palladium catalyst gave the required §-2-diphenylylpropiomic acid (III) which, 
however, was markedly different from the compound described by von Braun 4 al. Repetition 
of the method of preparation used by these authors, and based on the condensation of 2-bromo- 
taethyidipheny! (here obtained by an alternative method) with ethy! sodiomaionate, showed that 
the properties which they ascribe to (III) correspond with the properties now found for 
(2 -diphenylylmethyl)malomic acid. The latter acid, when heated, afforded a sample of (II1) which 
was identical with the material produced by our first method of preparation. 

Cycliaation of (111) by the Friedel-Crafts reaction gave a crystalline solid as main product, 
together with some oil. The solid was identified as 4-phenylindanone (IV) by oxidation with 
potassiom permanganate to 3-pheny!phthalic acid and conversion of the latter into fluorenone-!- 
carboxylic acid of which an authentic spectmen was available. A portion of the oi! was oxidised 
with scxtium dichromate in acetic acid, and the formation of phenanthraquinone and of diphenic 
acted clearly indicated the presence of some dibenzeycicheptadienone (V) (cf. Part VI, Cook, 
Dickson, and Loudon, /., 1947, 746). This was confirmed when the remainder of the oi] was 
treated with 2: 4-dinitrophenylhydrazine and, from the resulting mixture, the 2 : 4-dinitro- 
phenythydrazone of (V) was isolated. The total quantity of (V) in the cyclisation product was 
small than 10°,. 

As an alternative to the Fnedel Crafts type of cyclisation, the action of anhydrous hydrogen 
fluoride on the acids (1) and (111) was examined. By this means (111) was again converted 
into a mixture of (IV) and (V), the presence of the latter being inferred from the isolation of 
phenanthraquinone following oxidation. Frank, Fanta, and Tarbell (J. Amer. Chem, Soc., 1944, 
70, 2314) state that (I) does not undergo cyclisation when treated with hydrogen fluoride, but 
we now find that it affords a mixture of (II) and the debrominated indanone (11; H for Br), 
apparently formed by displacement and either mugration or elimination of the bromo-substituent 
Accordingly, in the respective cases, the Friedel-Crafts and the hydrogen fluoride method of 
cyclisation appear to produce essentially similar results and, when applied to (I), the latter 
method has the advantages of giving more eastly separable products in better total yield (cf. 
Part VIII, loc. et.). The production of (V) from (III]) encourages the hope that dibenzeyclo- 
heptadienones may be synthesised by this method when favourable orienting influences are 
present, but it is relevant to add that Borsche and Sinn (4»nalen, 1939, 588, 283) were unable 
to obtain the 7-membered cyclic ketone by cyclisation of (VI) although in this case a 5-membered 
ring was not formed 
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In order to ascertain whether the position of the methoxyl group in the disubstituted nucleus 
materially affects the course of the reaction (1) —» (11), the two acids (VII) and (VIII) were 
synthesised and examined. The syntheses followed the lines already described for (1) (Part 
VIII, lec. est.) and involwed condensations of l-phenyl- and |-m-methoryphenyl-3 : 3-dimethyl- 
inazen with methyl 3: 4: 6-trimethoxybenzoate to form the methyl esters of the acids (IX) and 

X) respectively (for by-products, cf. Experimental). Cyclisation of these acids by warming 
with thiony! chloride yielded fluorenone derivatives, a pair of isomers which were not individually 
ortented being obtained from the acid (X). Reduction of (IX) and (X) to the respective 
aldehydes (X1 and X11) and subsequent conversion into the acrylic (XIII and XIV) and propionic 
acids (XV and XVI) were effected by standard methods. Bromination of (XV) and (XVI) gave 
the bromo-aerds (VII) and (VIII), respectively. On cyclisation with hydrogen fluoride each of 
the acids (XV) and (XVI) gave a corresponding imdanone derivative, and the failure of the 
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cyclisation products to furnish (coloured) phenanthraquinones in the oxidation test indicated 
the absence of dibenzcycloheptadienones. The same test was again negative when applied to 
the cyclisation products of the bromo-acids (VII) and (VIII). The former acid, when cyclised 
by either the Friedel-Crafts or the hydrogen fluoride method, gave only gummy products which 
were probably mixtures. On the other hand, (VIII) was cyclised by hydrogen Suoride to a 
brominated tndanone which, on debrormnation, afforded 5 
indan-1l-one, already obtained by direct cyclisation of (XVI). Accordingly, it may be concluded 
that, in this case at least, cyclisation is achieved by displacement and migration of bromine, and 
that in neither case is there any significant tendency to form a 7-membered ring, 

It is noteworthy that the displacement and migration of bromine, encountered in these 
cyclisations to indanone derivatives, finds its counterpart in the isomerination which accompanies 
cyclisation of acid to 10-cyclopenteno-s-octa- 
hydrophenanthrene (Badger, Carruthers, Cook, and Schoental, /.. 1949, 169). In the latter 
case it is a saturated carbon chain which migrates, and in both types hydrogen fluoride is an 
effective agent. 

2’ : S’-Dimethoxydiphenyl-2-carborylic acid (XVII), prepared through the methyl ester 
by condensing 1-(o-carbomethoxyphenyl)-3 : 3-dimethyltriazen and 1 : 4-dimethoxybenzene, 
was next examined in the hope of applying the synthetic procedure to a case favourable to 
T-membered ring formation. The project, however, failed since the ester was recovered 
unchanged from all attempts to convert it by reaction with hydrazine hydrate into the hydrazide 
Moreover, even mild treatment of (XVII) with thionyl chloride yielded the lactone (AXAVIIT) of 
acid. 


2 
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A different approach tu the synthesis of the unsubstituted ketone (V) was made starting 
from diphenic anhydride. This reacted with hydrazine hydrate to form the half hydrazide of 
diphenic acid, which with benzenesulphony! chloride afforded the N-benzenesulphonyl derivative. 
The latter was also obtained by the direct action of benzenesulphonhydrazide on diphenic 
anhydride and by an adaptation of the McFadyen-Stevens process gave the aldehydo-acid (XIX) 
in rather poor yield. Condensation of (XIX) with malonic acid yielded an unsaturated dibasic 
acid (XX) which was hydrogenated by use of a palladium catalyst to the corresponding saturated 
acid (XXI). From this acid by heating (4) the barium salt alone or (6) the sodium salt with 
acetic anhydride there was obtained in each case a gum which afforded the 2 : 4-dinitropheny!- 
hydrazone of (V). The method, however, is inferior to the synthesis of (V) recently reported by 
Rapoport and Williams (/. Amer. Chem. Soc., 1949, 61, 1774) who prepared the same acid 
(XX1) in several stages from phenanthraquinone mono-oxime and achieved a more satisfactory 
cyclisation through the corresponding dinitrile by means of Ziegler's procedure. 

In course of the foregoing synthetic work the frequent need of reducing a carboxylic acid to 
the corresponding aldehyde prompted some investigation of reductive desulphuration of 
thiolcarboxylic esters by means of Rancy nickel. Wolfrom and Karabinos (J. Amer. Chem. Soc., 
1946, 68, 1455) report the formation of aldehydes in this way, whilst Prelog ef al, (Hele. Chom. 
Acta, 1946, 28, 684) recommend the process for the preparation of primary alcohols, The 
results of our experiments show the prevalence of reduction beyond the aldehyde stage as well! 
as the incidence of side reactions, but the activity of the catalyst may well be the critical factor 
determining the nature of the product (cf. Spero, McIntosh, and Levin, J. Amer. Chem. Soc., 
1948, 70, 1907) and requires further inquiry. Previous workers have confined their attention 
to thiol esters derived from methane-, ethane-, or toluene-w-thiol, but it seems probable that in 
many cases these malodorous thiols may be replaced by thiophenols such as thio-p-cresol which 
was mainly used in the present connection. 

By use of Raney nickel as prepared by Mozingo (J. Amer. Chem. Soc., 1943, 65, 1015) the half 
thol-ester from diphenic anhydride and thio-p-cresol was converted into 2’-hydroxymethyldi- 
phenyl-2-carboxylic acid, and p-tolyl o-carbomethoxythiolbenzoate 
vielded phthalide. A test experiment on p-tolyl thiolbenzoate showed the formation of 
benzaldehyde (ca. 10%) and benzyl alcohol (23%); moreover, examination of the more volatile 
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products from ethyl thuolbenzoate revealed unexpectedly the presence of much benzene. Both 
ethyl and p-tolyt 3° 4° afforded 3: 4: S-trimethoxybenry!l alcoho! 
(40%,) together with | 2: 3-trimethoxybenzene (20-—30%) and the formation of these products 
was largely independent of the conditions or of the thiolester used. The results, therefore, 
show that actamon of the orginal carboxy! group may accompany desulphuration and reduction, 
ard it may be recalled that sumilar competitive processes have been noted in connection with the 
Rosenmund reduction of acad (Spath, Monatsh., 1919, 40, 129; Rosenmund, Zetzsche, 
and Heme, Ber, 1921, 54, 638) where again the activity of the catalyst is of paramount 
ImMputtance 


Diphenyl-2-aldehyde from the 2-Cartorylue diphenyl-2-carboxylate [4-8 ¢), heated 
under reflex with hydrazine hydrate (98%, 25g.) and ethanol lor 5 hours, afforded the Aydrassds, 
as colourless needles, m p. 136-5", from methanol (Found: C. 73-8: H. C,H ON, requires 
736; &7%, The protect (946 in pyritine (40 was treated at 0° with benzencsulphony! 
chiorsle (8-2 ¢.) and the whole was left for 3 hours at room temperature before it was added to a mixture 
of we and hydrochloric acad. The resulting benzene md phondydraside of diphenyl-2<arboxylic acid formet 
colourless needles, m. p. 173-5", from methanol (Found: C, 6446; H, 46 C sel requires ©, 
H A solution of the above sulphonhydrazide (14-3 in ethylene glycol (70 ¢.c.) was 
treated at 160° with anhydrous sxdiam carbonate (21 ¢.) and after 8) seconds the reaction was quenched 
by pourtng the mixture into hot water, The required aldehyde, recovered in ether, had b. p. 162°/12 
mm., the yield was 565%, based on the ackl 

3. (32-1 g) in concentrated hydrochloric acid (108 cc} 
and water (72 ¢ c) was dlazotieed at 0° with a concentrated aqueous solution of sodiam nitrite (21 ¢) 
aod the resulting solution waa added with stirring to an ice-cold solution of dimethylamine (33%, 45 ¢) 
in 30°, aqueous sodtum carbonate (Fcc) The required iriasen, 128-129" 12 mm_, was recovered 
from a dried and washed benzene extract (Found: C.66-1: H.78 C,H.N, requires C, 66-3; H, 80%) 

2-Methyklipheny! was obtained in poor yteld by the following procedure: Glacial acetic ack! (40 cc.) 
was gradually added to a bailing solution of the above triazen (45 ¢ ) in benzene (400 c.c.) and the whole 
was heated wader refiux for 16 hours The resulting solution was washed in tern with water, dilute 
bydrochioric acet dtlute alkali, and again with water Fractionation of the dried benzene solution gave 
Z-methyidipheny!, p mm. (9%). and neutraliaation of the ackl washings gave 
indaszole (21%). 144-148" (Pound: C. 71-4, H, 50; N, 23-6. Cale. for C,H,N,: C, 71-2; 

51; N, 23-7% 

2. Beomomethyldipheny!l was prepared in 65%, yield by adding (2 hours) a solution of bromine (41 ¢ } 
in carbon tetra: hlorude cc) to strongly irradiated, boiling solution of 2-methyldiphenyl (4-1 ¢ ) in 
the same solvent (25 ¢¢ ) which contained a trace of todine and was covered with a layer of water (6 cc.) 
Alter further heating |} hour), the cooled solution was washed in turn with sulphurous acid, dilute 
oxftum carbonate, and water before being dried and concentrate! The required product distilled at 
168.172" tl mm. (von Brawn and Manz record b. p. 166°/12 mm | 

(2- Diphenyvivimetaylmaionsc Aad —The corresponding diethy! ester, red as described by von 
Brawn and Mans at), was hydrolysed by potassium hydroxkle in boiling ethanol-water. After 
distillation of the ethanol and extraction of the diluted solution with ether, the aqueous residue was 
acidified and the precipitated off was extracted with much boiling water from which the ecid slowly 
crystallised, having mp. (decomp.) ; it was dried at 65° in (Pound: C, 71-1; H, 
Celt requires C, H, 52%) 

(111) §-2-Diphenylylacrylic, m. p. 196°, prepared essentially as 
described by Zaheer and Faseeh (lee. ef) who give m 202", was dissolwed (6-2 ¢ ) un glacial acetic acid 
(450 ¢ «.) and was hydrogenated using palladium-black as catalyst (0-3 g) at ordinary temperatore and 
pressure Absorption was complete in 2) hours and the product. recovered from the solvent, had m. p 
113 Methylation with diazomethane in ether gave the methyl ester, b 181-6—182°/10 mm 
(Fowed: 801, requires C, 80-0; 6-74%,), from which the acid was recovered by 
hydrolysis and formed piates, m p 1125-113", from aqueous acetic (Found: C, 7086; H, 60 
‘ requires 797, H, @ 2%, The same acid, m. p. and mixed m. p. 111-113", was obtained 
when 2+ ipheaytyimethyimalonic acid was heated at 130° until evolution of carbon dioxide ceased and 
the pratwct was crystallised from benzene-petroleam 

4 Phemylindanone (1V) — 2-Diphenylylpropionic acid (2 ¢ ) suspended in pure dry benzene (20 
was treated with phosphorus pentachionde (2g). shaken until solution of the ackl was complete, and le/t 
at room temperature for one hour, The acid chloride, recovered after evaporation under reduced 
pressure, was dissolved in dry carbon disulphide (4 ¢ ¢.), powdered aluminium chloride (3 g.) was added, 
amd the whole was left protected from motmture at 6° for 3 days. Dilete hydrochloric acid was adcod 
and after distillation in steam to remove the solvent the resaiual liquor was extracted with ether from 
which, when washed with dilute alkali, dried, and evaporated, a gum was recovered. The gum distilled 
at 10 mm. (yield 75%) and crystallised in the receiver; recrystallisation from ethanol-water 
gave rectangular prisms of 4 phewylindanone (yield 45°), initially melting at 69°, but changing on storage 
tom p (Pound: 56 requires 86-3; H, 5-8%), while the mother-liquor of 
the crystallisation was worked up as described below. 4 Phenylindanone formed a 2: 
(relerred to as below) as scarlet neodles, m. p. 243-245" (decomp.), from acetic acid 
(Pound, C, 651; H, 43. C,,H,.O.N, requires C, 65-0; H. 41%), and a semicarbazone as colourless 

Matelots, m. p 225-229" (decomp ) from 2-ethoxyethanol (von Braun and Manz, loc. cif, record m. p 
02°) (Found 72-3; H. 56; N.15-7. C,,H,ON, requires C, 72-5; H. 5-7; N, 15-0%) 
Guidehon. A well-stisved emalsion of the indanone (LV) (0-2 ¢.) in little dilute hydroxide 
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at 100° was treated portionwise with 6°, aqueous potassium te anti] the pink colour 

Excess of permanganate (2 c.c_) for lhbowr After 
acidification and treatment with sulphur dioxide the insoluble product was collected, washed with water, 
reprecipitated from alkali, and again collected. Sublimation at 120° 2 mm. furnished 3 paeny/ 
anhydride, m. p. 145", trom benzene-petroleum (Found: ©, 740; H, 34. requires C, 750; 
H, 3-6%,), from which 3-phenyiphthalic acid, m. p. 168-—171*, was obtained on hydrolysis (Heilbron of 
ai., ]., 1938, 1386, give m. p. 181"). For lentification, the latter was cyclised by warming for 10 minutes 
in concentrated sulphuric acid from which dilution with water yiekied fluorenone-|<arhboxylic ack, 
m. p. and mixed m. p. with an authentix 19)191°, from ethanol- water 

Detection of —The mother-bquor trom the crystallisation of ¢- yt 
indanone gave a colourless gum on ev fiom. (i) One portion of the gem (0-3 g.) in acetic acid (3 c.c) 
was heated under reflux for | hour with a solution of sodium dichromate (1-3 ¢.) in scetic ace? (3-5 ec) 
A chloroform extract of the diluted solution was washed with aqueous sodium hydroxiile, dried, and 
concentrated. The gummy peutral residue gave crystals of ey poe m. p and mixed m. p 
204—205°, from chieroform (diazine, from o-phenylerediamine, m. p. and mixed m. p. 216-—219°) The 
alkaline liquor gave, on acidification, dipheni acid, m. p. and mixed m. p. 716-219". [ii) The residual 
gum (0-28 g) was treated with (0-3 g ) in ethanol-sulphuric acid and the 
well-w precipitate was dissolved in the minimum quantity of hot acetic ac On cooling, the 
aforementioned 2 : 4-dinitrophenylhydrazone “A”, m. p. and mixed m. p. 243° (decomp. and 
the filtrate when overnight deposited a second p * (decomp. } 
Sane to 220-—226° by admixture with “A”. The residual mother-liqeor was now concentrated to 

{ its volume and was seeded with“ A". After 2 hours the resulting deposit of slightly impure “A” was 
filtered off and the filtrate was then seeded with the second dinitrophenylhydrasone, of which a farther 
crop accrued. The combined crops of the second material were or fieed from acetic acid, forming 
orange-red needles of m 236 —238° (decomp ) raised to 238-540" by admixture with the 2. 4-dinitro- 
phenylhydrazone of (V) Kook, Dickson, and Loudon, loc. otf.) and depressed to 216-224" (decomp by 
admixtare with “A” 

Cyelisation of (111) with Hydrogen Fluoride —The acid (111) (0-84 ¢ ) was dissolved in hydrogen flaoride 
(ea. 10 ¢.c.) which was then allowed to evaporate in absence of moisture. The residne, after treatment 
with cold dilute sodium hydroxide, was recovered in ether and gave ¢-phenylindanone (IV), m. p. and 
mixed m 86.87", from ethanol (yield 70%). The mother-liquor from the crystallisation gave, on 
concentration, a yellow gum which when oxxdised (cf. above) with sodiam dichromate in acetic acid 
afforded phenanthraquinone, m p. and mixed m. p. 201-204", after sublimation; diazine from 
ophenylenediamine, m. p. and mixed m. p. 216--217° 

Cyclisation of §-(5-Bromo-2:3: 4: Acid with Hydrogen 
Fimoride.—The neutral solid (0-38 ¢ ), obtained by treating (1) (1 g.) with hydrogen fluoride as above, 
was crystallised from petroleum (b. p. 40-460") and gave, as first crop, warty nodules of the bromo-ketone 
(1D) (0-014 (micro-)m. p. and mixed m 141-5", which was de inated to 5: 6: 7-trimethory-4- 
pf-methoxy vlindan-l-one (cf. Part VITI, lee. off), (micro-)m and mixed p. 
compound ‘oxime, (micro-)m. p. 216") was also obtained as a sonal aap of needles from the petroleum 
mot liquor of the bromo-ketone 

2:3. 6-carborylic Acid (1X).—Methyl 3: 4: 5-trimethoxybenzoate (265 ¢) 
and I-phenvl-3 : 3-dimethyitriazen (53 ¢.) were slowly treated with acetic acid (TO cc.) at 100° and t 
whole was heated at 100° for 16 hours. The resulting dark liquid, dissolved in chloroform, was thoroughly 
washed in turn with dilate hydrochloric acid, water, dilute sodium hydroxide, and again with water, and 
recovered. Unchanged ester was distilled off up to 185°/10 mm. and the residue was combined with 
similar residues obtained by renewed interaction of the recovered ester with fresh triazen. In all, 110g. 
of the triazen were used in three runs and the crude trimethoxybenzoate finally recovered weighed 200 ¢. 
The combined higher-boiling residues on fractional distillation gave: (6) a small quantity of unchanged 
ester, b 18}--186°/10 (6) the main, partly solid fraction, b 186.205°/10 mm.; (¢) an oily 
fraction, b. p 204-—214"/10mm. Fractions (6) and (c) when rubbed each with half its volume of methanol 
gave soliis which were combined (24 g.) and crystallised from methanol (50 c.¢)}. The resulting crystal- 
line mixture was swirled in the solveet, the lighter material (solid B) was collected by decantation, and 
the mother liquor was used for renewed treatment of the heavier constituent. The latter, after further 
crystallisation from methanol, afforded methyl 2:3: (15 m p 
Ti 72° (Pound: C, 674; H, &7. C,,H,,0, requires C, 67-5; H, 505%), which was hydrolysed by 
50% aqueous potassium hydroxide in methanol to the corresponding acid (IX), mp. 196° from methanol 
(Found: C, 66-95; H. 5-6. C,,H,,O, requires C, 66-7; H, 5-6%), and was regenerated from this acid by 
diazomethane in ether; m. p. and mixed m p. 7)—-73". The combined gums, recovered from the various 
methanol mother-liquors of the above separation. gave small! additional quantities of the products 
after redistillation and retreatment, while the final methanol! mother-liquors on heating with aqueous 
alkali gave in addition to some non-saponifiable oi! (discarded) a small quantity of the above acid, m p 
191-193" 

Sold B (2-2 g ) was separated by crystallisation from methanol into a small, sparingly soluble fraction 
consisting of nacreous platelets, m. p. 210", probably of p-terphenyl (Pound: C, 03-6; H. 615. Calc. for 
C,,H,,: C, 93-9; H, 61%), and a relatively soluble fraction (1-5 ¢) of p. 156° (Found: C, H, 
565 requires C, 70-6; H, 6-9%), which is probably methyl 2 
(cf, Part vilt, loc. ett). The latter compound was hydrolysed by aqueous potassium hydroxide in 
methanol to the corresponding acid, m. p. 237° from methanol (Pound C,@6; 4,567 C,.H,O, 
requires C, 60-8; H, 54%) 

2 3: & Trimethoryfucrenone.—The acid (1X) (0-3 g.) was dissolved and gently warmed (10 minutes) 
in thionyl chloride. The solvent was distilled off; the residual Aefone formed long orange needles, m p 
113°, from methanol (Found: C, 76-8; H, 52. C,,H,,O, requires C, 71-1; H, 52%). It yielded a 
2 4-dinitrophenyihydrazone as flutly red needles, m. p from acetic acid (Found: C, 584, H, 3-8 
CyH requires C, 58-7; H, 40%) 
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leas needles of m p from methanol (Found: C, 63-7, H. N, requires C, 63-5, H. 
60%), was prepared by heating the methy! ester of 167 hydrazine hydrate (31 
in methanol (@ for hours. Addition of beazenesalphony! chloride (9-2 to its solution 


ridine (141 in $4 <<), followed after I Oy raring weet yielded the 

derivative, m. p. 162-163" (from methanol) (Pound: C, 504, H, 49 
requires 507; H, 50%). A solution of the latter (165 in glycol (150 atl 
treated with anhydrous sodium carbonate and. after 100 seconds, the reaction was quenched with 
boiling water The required sidehyde, recovered from an alkali-washed ethereal extract, med almost 
colourless plates, rm. p. 92-03", from methanol (Pound. C, 706, H, 5-7. CyoH,.O, requires C, 70-6; 
H, 

3. Arid (X111)-——A solution of the above aldehyde (9-3 ¢ ) and 
malonic acid (7-4 dry pyridine (20 containing a few drops of piperiktine was heated first at 100° 
(4 hears) aod then ender reflux (15 minutes). After cooling, pouring into iced hydrochloric acid, and 
extracthm with ether. the required acid was recovered from aqueous alkali and formed smal! needles, 
m. 1", from acetic ackl-water (2.1) (Found. 687, H, 66. requires C, 66-6; 
H. 6%) 

Acid (XV) —-This acid was prepared by | 
solution of (66 in acetic (380 « vver palladium black (0-6 ¢ After filtration 
recovery the acid formed colourless plates, m. p. 121 from acetic acii~water (1-1) (Found: C, 
687, HL 63 CyHO, requires C, 687, H, 63% Methy lation with diazomethane in ether gave 
the methyi ester as cubes. m. p. 56", from light petroleum (b. p. 40-—60") (Found: C, 603; H, 66 
Cy Hy, 1, 

44 rimethory-4-phenylindan | ome — This Actone was obtained as neutral a t in colourless 
neelies of m. p. 74° from petroleum (b. p. 66-80") (Found: C, 724; H, 60 requires C, 
725. H, 60%) when the (XV, © 45 was treated with hydrogen fluoride formed an oxime, 
m. p. 200°, from ethanol (Pound. C, 66-9,H,60. requires C, 60-0: H, 61%). Oxidlation 
of the crude proxtuct gave no evidence of the formation of a coloured phenanthraquinone derivative 

f Rrome-2 Aad (VII A solution of bromine (0-1 
in dry chloroform (2-5 c.c.) was added to a solution of (XV) (0-63 ¢) in the same solvent (12-5 cc.) and, 
after 3 hours at room temperature, the crude prodact was recovered from the (water washed) solution 
It was puritied by convermon into the sparingly soluble sodium salt by concentrated aqueous sodium 
plates, carbonate. The bromo-acid was regenerated by hydrox hloric forming colourless 
ates, m. p. 164-165", from acetic ackd~water (1: 1) (Found ‘467, HL. requires 

7: H, 48%) and afh rding, or diazomethane in ether "the methyl ester, p. 95--06" (from 
(Pound C, 55-7, H. 50. requires C, 55-6; H, 5-1%) 

Attempts to ovehiee (VU (4) The neutral gum obtained from (VII) by treatment with hydrogen 
fuorkie remained resinous after reaction with Girard’s reagent-1 and hydrolysis of the product. It 
afforded a bright red 2 4-dinitrophenythydrazone, but was not converted into a solid by debromination 
with hydrogen in presence of palladised strontium carbonate. (5) The acid (0-7 g.) indry benzene (lO c.c.) 
was shaken with phosphorus pentachloride (0-4 g Volatile materials were removed under reduced 
pressure and the resiiue was treated with carbon disulphide (3 and aluminium chlorsde (0-6 
After 2 days at 0° dilate hydrochloric acid was added, the solvent was removed in steam, and the neutral 
product was recovered from chloroform asa gum. This did not yield a solid on debromimation 

Neither of the (debrominated) gums showed any trace of a phenanthraquinone derivative when 
oxklised with dichromate in acetic acid 

diazo-solution from m-anisidine (100 g concentrated 
hydrochiortc acid (200 ¢« water (200 «.c.), and sodium sitrite (56 ¢) was added with stirring to a 
mixture of 25%, dimethylamine (280 g.) and 30% aqueous sodium carbonate (800 c.c.) kept at 0"; the 
mixture was then stirred for 30 minutes and the product was extracted in benzene and recovered from 
the dried extract. The friaszen distilled as a yellow liquid (114 ¢.), b. p. 161°/15 mm. (Found: C, 6-4 
H, 69. C,H ON, requires C, 603; H, 7-25% 

2:3:4:3 I Acid (X).--Starting from methyl 3: 4: 5-trimethoxy- 
bensoate (165 ¢.), the above triazen (32 ¢.). and acetic acid (43 cc.) using in all 125 of the triazen 
in 4 rans as described for (IX), there were obtained recovered initial ester (94 ¢.) and the following higher 
boiling fractions (a) a small fraction, b. p. 185-—215°/8 mm.; (6) a main fraction, b. p. 203—220° 0-5 
mm. On rubbing these corgbined fractions with half their volume of methanol there was obtained a 
regarded as methyl 2: 6: 3’ (cf. Part VIII, Joc. ctt.), m. p. 154 

56°, from acetic acid (yield, 2g) (Found: C, 675; H, 57. C,,H,,O, requires C, 67-5; H, 59% 
which was hydrolysed by 50%, potassiam hydroxide in methanol to the corresponding acid, m. p. 215°, 
(Pound és 9. Pound, after drying in 100° for 1 hour: C, 664, H, 

sett ey requires C, 66-7, H. 5-5%). and was regenerated from this acid by diazomethane in 
- = ty ve methanol mother-lquor from the foregoing ester contained a second (oily) ester which was 
hydrolysed to 2. 3. 4) acid (X), colourless prisms, m. p. 134-—135 

19 from methanol-water (1. 1) (Found: C, 642, H, 5-8 C,,H,.O, requires C, 64-1; H, 5-8% 

2.3 4 and 2.3 4) & residue obtained by heating (X) with 
thionyl! chiorede and distilling off excess of this reagent crystallised from methanol as a mixture of small 


.lemon-coloured neeties (A) and heavier, stout, golden needles 5). These were separated by swirling and 
with the mother-liquor Fiserrnone-A, m. p. 122° from methanol (Found C681; H, 
sO, requires 68-0. H, 5-3%), afforded a2: 4 aS fluffy red needles, 

P from acetic acid Found: C, 574, H, 41 C, 574; H, 


Fw m. p. 152-143" from methanol (Pound: C, as H, 5-2 requires C, 65-4), 
53%). gavea? m. p. 137° depressed by admixture with the isomer (Found 

~This compound, crystallising in colourless 
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plates, m. p. 66-61", from methanol (Pound: C, 674; H, +6 67.5; 60%), 
and yielding a2) 4 m 192° (Pound aN, 
C, 693, H, 46%) as describes (XI) the m. oune 
616: H.60 C,,H,O, 45. H, 60°), and bee m. p. 182-183", of 
the acid (X) (Found C. 50 H,,O,N,5 requires C, 68-7; H, 61%) the conditions 
given decomposition of the was incomplete: the salphonhydraside was partiv 
recovered from a chloroform extract of the reaction products by washing with In-sxlium hydromide. 
from which it was | d by t with carbon diouxte and on renewed treatment yielded the 
aldehyde. 
Acid (XIV).—This and which colourless 
needles, m. p. 150-—151", from acetic = water (1: 1) (Pound: C. 66-2; H, requires 
C, 663. H, 58%), and the cor ace | (XV), m. p. (trom acid) 
(Pound: C.657, H,62. C,H 65-0; H, 6-4%), were obtained by the methods described 
for ass 
5.6 7-Trwmethory-4-m-methoryphenylindan-|-one was obtained as neutral product from the treat. 
ment of the acid (XVI) with hydrogen fluoride. It formed thick colourless plates, m 14i—142", 
from methanol (Pound: C, 60-25, H.@1. C,,H,O, requires C, 695, Ano thon test on 
the cychised material gave no evidence of formation of a gyre derivative 
A-(5-Bromo-2 4: 3’ vive) Acid brome-acid, 
163—164° (from acetic acid) (Found: C, & requires C, 53-65, H, 0%), wes 
from (XVI) as described for the 
5:6 plates, m. p. 115-116" 
(from methanol) (Found: C, 561; H,@7. requires C, 560; H, 47%), of this Actone were 
obtained as neutral product by treating (VIII) with hydrogea fluonde The gum, recovered from the 
methanol mother-liquor, did not afford evidence of formation of a p derivative when 
dised with sod dichromate in acetic acid 
Debromination The above bromo-indanone (0-04 (1 hour) with 
2 Liadised carbonate in an atmosphere Cancentration of the filtered solution 
6: 7-trimethoxy-4-m-metho vlindan- m. p. and mixed m. p. 139-141" 
2 . 5- Demethowydiphenyl-2'-carborylic Acid (XV11).—<Glacial acetic acid (60 cc) was slowly added to 
a melt of quinol dimethyl! ether (160 and |-(o-carbomethoxyphenyl)-3 3-dimethyltriazen (50 ¢ 
cf. Elks and Hey, /., 1963, 443) at 100° and the mixture was maintained at this temperature for 14 hours 
The resulting dark bquid was dissolved in chloroform and, after being washed in turn with dilute hydro- 
acid, water, dilute sodium hydroxide and again with water, the solution was dried and 
concentrated. Distillation of the residue gave the following fractions (i) quinol dimethyl etner (140 ¢ | 
b. p. 116—112"/10 mm_; (i) a pale yellow oil (3g), b. p. 127--132°/10 mm.; (iii) a yellow oil (7 
b. 196—206°/10 which when rubbed with methanol gave methy/ 2: 
wylate, m. p. 65° from methanol (Found: 766; H, 60. C,.H,,O, requires C, 70-6; H, 50%). 


(iv) a viscous brownish gum. 2 205—215° 10 mm. with much decomposition, yielding a small quantity 
1 


of unidentified needles, m. p —293°, when rubbed with methanol (v) a non-volatile residue which 
was dissolved in chloroform, washed with dilute hydrochloric acad and, combined with the residues from 
subsequent runs, concentrated, and redistilied, thereby slightly adding to fraction (iv), Fraction (ii), 
combined with the methanol mother-liquors from fractions (ii) and (iv), gave on hydrolysis (1 hoer) with 
aqueous methanolic potassium hydroxxle the aed (XVII). m 155° (from methanol), which was aleo 
obtained by hydrolysing the pure methyl ester (Found: C, 600; H, 54. C,,H,,O, requires C, 69-8; 
H, 5-4%) 

2-H Acid Lactome (XVIII).—The preceding acid (05 ¢) in 
benzene (5 c.c.) and thiony! chloride (1-2 c.c.) was for 12 hours at room temperature After removal 
of solvent under reduced pressure ome. & ea, 25") lactone was a as colourless crystals, m 
119 120", from benzene (Found: C, 73-7; H, 4 OMe, 134. requires C, 743; H, 
OMe, 13-7%). It did not give a coloration to aqueous ferric chloride, was insoluble in cold alkali, but 
dissolved on heating and was regenerated on actlideation 

M onobenzsene val phomhydrande of Diphemse —{a) A suspension of the monohydrazide of dipheni 
acid (1-3 g.; m. p. with gas evolution 185° cf. Labriola, Chem. Zentr., 1938, II, 1770) in cold pyridine 
(4c ¢.) was treated with benzenesulphony!l chloride (0-9 g.) which was washed in with the aid of a further 
2cc of pyridine. After 12 hours at room ~~ y— the yellow solution was added to dilute sulphuric 
acid, yielding the required product, m _ 220 a. ethanol-water (Found: C, 3; H, @1; N. 73 

NS requires C, 60-6; H, 40: N, 71% With acetic anhydride and a trace of sulphuric 
or with acetic anhydride in pyruline it reacted ‘eo form an anhbydro-acety! derivative, m 216° from 
acetic acid, which was insoluble in alkali (Found: C, 63-3; H, 30: N, 65. Cyl requires 
629: H. 38, N, 67° 

anhy< (6-6 was added slowly with coolieg to a solution of benzenesul 
bydrazule (5-1 g.) in pyridine (90 cc). After 12 hours the solid obtained on pouring into dilute 
tpdeoebiecis acid yielded the above compound, m. p. and mixed m. p 220°, from ethanol 
water, as main product. while a second product-—probably the isomeric ea-diacylhydraside 
(C,,H,(CO,H)-CO-N(NH,)SO,Ph)}—m. p. 220° depressed to ca. 215° by admixture with the above 
ound. was obtained un small amount from the mother-liquor (Found: C, H, 40, N, 60 

carboxylic Acad (XIX) —To a solution of the above benzenesulphonhydrazide 
(2¢ . main fraction) in ethylene glycol (20 ¢.c.) at 166° anhydrous sodium carbonate (25 ¢.) was added 
during 30 seconds and after a further 24) seconds the reaction was terminated by cautious addition of 
boiling water (100 ¢<) After cooling and filtering, unreacted hydrazkle was precipitated by a stream 
of sulphur dioxide, and the resulting mother-hquor, on acidification with dilute sulphuric acid, gave the 
1X) in 40% yield, m. p. 132° from methanol-water (Found : C, 745; H, 44. C,,H,,O, requires 

Cc, H, 44%). 

L 
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(as ancexed) was obtained when a solution of (XIX) | 
a few drops of concentrated sulphur ackt was for 12 hours and then pow 
into water. After recovery from an alkah-washed ethereal — the neutral product 

HOAc had m. p. 125° from methane! (Found: C. 71-46; H, 43 oH gO, requires C, 

H, @6%). It was rocomverted into (XIX) by warming in dilute 

sulpbark acetic acul 

(XX). —A solution of the aldehydo- acid 

(XTX) (1-2 and malonic acid (0-55 g in pyridine (6 containing a few drops of 

7 4 ——— was heated first at 100° (1 hour) and then under reflux (15 minutes) before 

ing cooled aad poured into dilute acid. The oily product solidified 

and bad m. p. 228° (Rapoport and Williams, loc. record m 230-—231° (corr.)}, from dilute acetic 

acid (Pound: C, T24 Cake. for c ne. Hi, Its titre, determined in 
methanol solution, showed the compound to be di Found equiv., Cale. : equiv., 134 

-Carbesy Acid (XX1).—The above acid, ‘dissolved in acetic ackl, was 

hydrogenated in presence of liom-black at ordimary temperature and pressure. Hydrogenation 

war complete in i} hours and the product, recovered from the filtered solution, had m. p. 185° from 

usous acetic ackd (Foand C. 711, Cale. for C,,H,O,: C, 71-1; H, 52%). Rapoport and 

Williams ef.) m. p. (corr) (prepared by three distinct methods) 

Cyelsation of (XX1).—\a) The dry bariom salt, heated in a sublimation apparatus at 360°/1 mm, 

kied an oily sublimate which coukd sot be imduced to crystallise but afic a2. ¢-dinitrophenyl- 

ydrazone, (micro jm. p 220° from acetic acid, unchanged by farther crystallisation or by admixture with 
the 2. of (V), (micro-)m. p. 237°. (6) The dry sodium salt (0-11 ) was heated 
under refux with acetic anhydrite (2 cc.) for 1 hour, The solvent was removed under reduced pressure 
amd the residue was treated with dilute alkali and extracted with ether. The oil recovered from the 
ether yielded a crystalline 2 4-dimitrophenylhydrazone, (micro-)m. p. 234° and mixed m. p 235" with 
the 2. of (V) 

p lotyi 2-0 <arboayphemlittolbensoale was prepared by heating (80 minutes) a solution of diphenic 
anhydride (0-5 and thio-p-<resol (0 34g.) in pyridine at It solidified when the cooled solution was 
inte dilute hydrochloric acid and had m. p. 147° (from methanol-water) (Found C, 72-4; H, 46. 

requires 72-4, H, 46%). On cooling a solution of the compound in warm dilute sodiam 
bydroanle there was deposited a crystalline act of mp. 88°. from which the thiol-ester was 
eegenesated by dilute ack and which appeared to be a hydrated sodium salt (Pound. C, 51-6; H, 55 
Cy, HO THO requires 51-6, H, 58%, 
Whee treated as tn the following case with Raney nickel the half thinl-ester yiekied 2’-hydtroxymethyl- 
dipheny!-2<arboxylic achl. m p 1465-146" from ether-—lght roleum (b which was 
converted by heating at 110° for | hour inte diphenkle, m. p. and mixed m. p ibe (Kenner and Turner, 
J. 1911, 08, 2101, give m. ps 146° and 132", respectively) 

p Telyl o-Carbomethorythiolbensoate -—A solution of equivalent amounts of o-carbomethoxybenzoyl 
chioride and thio-p-cresol in cold pyridine was poured, after 12 hours, into iced duute hydrochloric acid. 
The product, w { with alkal, dried, recovered in — and crystallised from methanol, had m. p 
(Pound C.673; requires 67:1: H, 40%). A solution of this compound 
(14 @) im 70%, ethanol (90 «c)} was beated ander reflux with suspended Raney nickel (7-5 g.) for 90 
minutes After filtration concentration. and an ineffective attempt to separate aldehydi material by 
means of sadium hydrogen sulphite solution, the resulting oil slowly solidified, giving crystals of m. p 
and mixed m. p. with phthalude 71-72 

Toby! thiolbenaoate (2 ¢.) 70%, ethanol with Raney nickel (10 g in suspension was heated 
under reflux for 6 hours (On distillation from a water-bath the ethanol entrained some benzaldehyde, 
isolated as 2 4-dinitrophenylhydrazone (025 ¢), m. p and mixed m. p. 235°, whilst the residue afforded 
bensy! aleoho!l (025 ¢). b. p. 178°/24 mm., characterised as the 3 5-dinitrobenzoate, m. p. and mixed 
m p bio 

fithyt thiolben zoate (95 in 70%, ethanol (18) was heated ander reflux with Raney nickel 
(54 « ) tor 2 hours The filtrate from the nickel was diluted with water and extracted with ether. The 
ether was removed through an efficient reflux column and the reskiue was cautiously treated with an 
exeess of concentrated nitric acid, nitration being completed by heating under reflux for | hour 
Nitrobenzene was isolated by distillation, b 208-210", and was ulentified by conversion (Raney 
nickel and hydrogen) inte aniline, b p. 180-—-182°, and thence into acetanilide and tribromoaniline. The 
yieki of benzene, bese on the aniline found, was 60%, 

p Telvi —-Thio-p-cresol (2-6 ¢.) in dry pyridine (14 ¢.c.) was treated 
with finely powdered 3° 4) S-trimethoxybenzoy! chiornde and the whole was heated at 80° for 1 hour 
The cooled miatere was poured unto iced hydrochloric actd and, after recovery im benzene, the thu od ester 
formed colourless plates. p 102° C, 642. H.54 C,,H,,O,5 requires C, 66-35; H, 5-4%) 

Reacteoon with Raney Nwhel i) The thiol-ester (2-25 in 70%, ethanol (50 ¢.c.) containing Raney 
nickel (12 &) in suspension was heated under reflux for 6 hours After recovery and distillation there 
were obtained (i) (24 ¢.), b p. 80 0-3 mm., m. p. 42—43° from petroleum 

forming a Pirate, golden needles of m. p and mixed m. p. 79-80" (Found: C, 65-8; H, 
C,H, ON, requires C, 45-4. 3-8; N, 10-6%,), and further characterised by oxidation 
with dilute nitric to 2 m. p. 246-248"; (ii) 3: 4: 5-trimethoxybenazyl 
alcohol (0-62 b p. 152--154° 0-5 mm_, identified as the 3. 5-<linitrobenzoate, m. p. and mixed m. p. 
147148" (Cook, Graham, and Cohen, J., 1944, 323) (Found: C, 523; H. 415. Cale. for C,,H,O,N, 
831, #1% 

(i) The thiol-ester (4 ¢.) in diowan (40 ¢ c) was treated with a suspension of Raney nickel (32 ¢.) in 
drowan (40 ¢ « Heat was evolwed and the reaction was completed by shaking for | hour at room 
temperature, 1° 2. 3-Trimethoxybenzene (0-705 ¢) and 3:4. 5-trimethoxybenzy!l alcohol (1-05 ¢.) 
were agam isolated as ander (a 

Pthyi 3: (7g), b. p. 185°10-3 mm, p. 35-36" from light petroleum 
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(>. p. 4060") (Found C, 56-3; 62. 208: treated an 


gave 2 3-trimethouy benzene (1 ig 
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31. The Structure of Stipitatic Acid. 
By R. E. Cornerr, A. W. Jounson, and A. R. 


Oxidation of stipitatec acid with alkaline hydrogen kde gives mixture of aconitic 
acid, indicating that stipitatic acd bydroaytropolone-4(6) carboa 
acid (I or If) 


Strprratic acrp, C,H,O,, was isolated from the culture media of Penicillium stipitatum Thom 
by Birkinshaw, Chambers, and Raistrick (Biochem. ]., 1042, 36, 242), who carried out a 
number of degradative experiments but were unable to advance a satisfactory structural 
formula. The compound was optically inactive, contained no C-methyl groups but had three 
active hydrogen atoms, and it titrated as a dibasic acid. On acetylation, two isomeric diacetyl! 
derivatives were obtained, both soluble in sodium carbonate solution, and on methylation 
two isomeric trimethyl derivatives were formed, 40.000 
both neutral and insoluble in cold dilute aqueous ' 
sodium hydroxide. Other derivatives of stipitatic 
acid which were described included a dimethyl 
compound, soluble in dilute sodiam hydroxide but 
insoluble in sodium hydrogen carbonate, formed 
from it by the action of hot methanolic hydrogen 
chloride or from disodium stipitatate by methyl 
iodide ; a dibasic monomethy! derivative obtained 
by treatment of the acid with methyl sulphate in yy 
the presence of methanolic potassium hydroxide 


and finally a monobromo-substitution product —_ 
prepared by bromination in aqueous acetic acid. tr) 

This bromo-derivative titrated as a dibasic acid 2 ad 

and gave a neutral compound, “ bromotrimethy!- ™) 


stipitatic acid,” on methylation with diazo- UMra-vielet absorption spectra of puberulic (-----) 
methane. These facts indicated the presence of 
two enolic (or phenolic) groupings of varying acid strengths and one carboxy! group, whose 
presence was confirmed by decarboxylation of stipitatic acid to give a compound, C,H,O,. 
which was monobasic and gave a blood-red precipitate with ferric chloride. Although no 
evidence was obtained for the presence of a free carbonyl group, hydrogenation in the presence 
of platinum, or reduction with zinc and acetic acid, gave products which gave pasitive carbonyl 
reactions, and this suggested the presence of a masked carbonyl group in stipitatic acid. The 
five oxygen atoms were thus accounted for in two enolic hydroxyl groups, one carboxyl and one 
masked carbonyl group. The titratable acidity of reduced stipitatic acid was one-half that of 
the original acid, presumably owing to the reduction of the acidic enolic group. A most 
important observation was made on fusing stipitatic acid of its monomethy! derivative with 
potassium hydroxide at 300°, when 5-hydroxyisophthalic acid was obtained in good yield. 
No satisfactory structure was advanced to explain all of these findings and, in particular, a 
dihydroxyformy!benzoic acid structure was shown to be untenable. The similarity in the 
general behaviour of stipitatic acid and puberulic acid, noted by Raistrick and his colleagues, 
is further emphasised by the similarity of their ultra-violet absorption spectra (see figure). 

In 1945, Dewar (Nature, 155, 50) re-examined the above evidence and suggested that 
stipitatic acid was probably the hydroxytropolonecarboxylic acid (1), or the tautomeric form 
(II), although no further experimental evidence was provided. Nevertheless, Dewar showed 
that such a structure would offer a satisfactory explanation of the various reactions described 
by Birkinshaw, Chambers, and Raistrick (Joc. cit.). Thus the isomeric trimethyl compounds 
are derived from (I) and (II) and the dimethyl derivative is probably methylated on the 
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carboxy! and ketol groups, the acidity being due to the remaining enolic grouping. The 
formation of 5-hydroxyisophthalic acid was ascribed to a benzilic acid type of rearrangement 


on co HO 


‘ 

CO,H 

ial) i fil 


of the tropolone ring and this view is supported by more recent work on tropolone derivatives 
(eg. Baritrop and Nicholson, /.. 1948, 116; Erdtman and Gripenberg, Acta Chem. Scand, 
1948, 3. 625. Cook and Somerville, Nature, 1949, 163, 410) 

We have now obtained degradative proof that structare (1) correctly represents stipitatic 
acid, for oxidation with alkaline hydrogen peroxide at room temperature gives a mixture of 
aconitic and malonic acid. The isolation of aconitic acid indicates that stipitatic acid can be 
represented by (111), and as a benzenoid structure has been shown to be untenable, the only 
feasible structure for the molecule is (1) or the tautomer (11). Since it has been shown (Corbett, 
Johnson, and Todd, J., 1950, 6) that puberulic acid is represented by (IV) or one of its 
tautomeric forms, this acid can be regarded as a hydroxy-stipitatic acid, that this might prove 
to be the case was originally suggested by Dewar (Nature, 1945, 155, 479) 

Further evidence in favour of structure (1) is obtained by the periodate oxidation of 
hydrogenated stipitatic acid, O35 mole of reagent being consumed, indicating the presence 
of a 1: 2-ciol structure; in the course of this experiment we confirmed that the titratable 
acidity of stipitatic acid is halved after reduction. 


EXPERIMENTAL. 


Stipitatic acid was prepared from cultures of P. stipitatum Thom as described by Birkinshaw, 
Chambers, and Raistrick (oe. ct) 
Cmidaton of Acid with Hydrogen Pevoside.—Stipitatic acid (1-5 g.) was dissolved in 
aqueous sxtium of bydrogen peroxide (14 ¢.c. of 31%) added, and the mixture 
left for 72 howrs at room temperature, the solution changing from orange-red to pale golden-yellow 
This solution was acidified with hydrochloric acid (32 cc. of .) (evolution of carbon dioxide), and the 
mixtare evaporate at 50°13 mm. and dried in vacuo over phosphoric oxide. The colourless, rather 
gummy resxiue was continuously extracted with dry ether for 0 hours, and the extract was then 
evaporated giving a white solid contamimated with some colourless resin (100 mg.). The white solid 
was dissolved in dry ether (5 cc), and light petroleum (b. p. 40-80") was added at the b. p. until a 
faint cloediness was produced. The solution, set aside at 0° for 24 hours, deposited small colourless 
priems (30 mg), m. p. 186-187 The m. p. was not raised by recrystallisation from ether—light 
petroleum and was unchanged on admixture with authentic aconitic acid (m. p. 186--187°) (Found 
€,456; H, 36. Cale. for CN,O,: C, 414; H, 35%) 
Under the conditions of the fucrescein reaction, the oxidation product gave, with resorcinol 
sulphuric acid, a red solution with a pale greenish-yellow fluorescence in daylight, and a beautiful sky 
tdue Aeorescence in ultra-violet light, identical with that observed using authentic aconitic acid. ‘With 
pyridine and acetic anhydride it showed the same series of colour changes as authentic aconitic acid 
The mother-liquors, after removal of the aconitic acid, were again brought to the b. p. and a further 
qeantity of light petroleam added to induce further crystallisation. The solution was set asile at 0 
for 24 hours, and a farther crop of somewhat less pure aconitic acid (20 mg.), m 160.165", collected 
The mother-iquors were evaporated to dryness, and the white residue (30 mg) sublimed at 
85° 10°* mm. giving a colourless muicro-crystalline sublimate (21 mg.), m. p. 120-—125°, and leaving 
behind a reskiue of slightly impure aconitic acid, m. p. 178-179 The sublimate was purified by 
‘ resublimation at 80° )10°¢ mm. and formed small colourless prisms, m. p. 131-133", which had m. p 

134-135" when mixed with malonic acid (m (Found: C, 34-7; H, 44. Cale. for 
©,H,O,: C, 46, H, 38%). The identity of this product with malonic acid was confirmed by the 
identity of thei colour changes with acetic anhydride and by treatment with resorcinol-sulphuric acid 
amier the conditions of the fluorescein reaction, both giving orange-red solutions with a yellow 
fluorescence in daylight and a pale greenish bive fluorescence in ultra-violet light. 

Periodate Ondation of Reduced Sipitatic acid (616 mg.) was dissolved in dry 
methanol (75 ¢«)} and hydrogenated at atmospheric pressure using Adams's platinum catalyst, 
46 moles of hydrogen being absorbed Aliquots of the methanolic solution, titrated before and after 
reduction, required 133 cc. and 637 cc. of ~ 100-alkali, respectively. Removal of the methanol 
under reduced pressure left a colourless gum, which was exactly neutralised with n-sodiam hydroxide 
and extracted continuously with ether for ®@ hours. Evaporation of the ethereal extract yielded only a 
trace of a neutral gum which gave no reaction with Brady's reagent Reduced stipitatic acid was 
regenerated from its scxtium salt by passage through a pre-treated resin column and, after removal of 
the water by evaporation under reduced pressure, was obtained as a colourless gum (376 mg). A 
solution of this reduced stipitatic ac in water was oxidised with sodium periodate; it 
consumed 0-85 mole of oxicising agent 
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aqueous solution of puberulic acid showed maxima at 2°00 and 35004. 
= 200 and 7160. An aqueous solution of stypitatic acid showed maxima at 2620, 3320, and 
Suen, 30,800, 5150, and 4050 respectively. 


The authors are grateful to the University of New Zealand for a Shirtclitle Kesearch Scholarship 
Research of New Zealand for grants to one of them 
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32. The Deamination - prenis by Nitrous Acid with Particular 
Reference to Glycine. The Chemistry underlying the Van Slyke De- 
termination of a-Amino-acids. 

By A. T. Austin, 


The deamination of «amino-ackis by nitrous acid, which is the basis of the Van Slyke 
gasometric method for the determination of amino-acids, is not, as is generally considered, 
accurately described (for the example of glycine) by the equation - 

H,N*-CH,CO,” + HNO, —> HO-CHyCOW + N, + HO 
In the case of glycine the gas evolved is a mixture of nitrogen, carbon d de, and nitrous 
oxide, and increases in volume with increasing sitrite-ion concentration. There is a 
corresponding decrease in the amount of giycollic acid in the reaction resmdue, and from this 
residue nitromethane and methyl nitrolic acid have been isolated. These facts are explained 
by the assumption that in the deamination process an intermediate is formed which can 
interact with negative ions, such as chloride of nitrite ions (giving e substituted acids), or 
with water molecules (giving «e-hydroxy-acids). By nitrite-ion interaction it appears that 
a@-nitroacetic acid is formed in the above reaction, and it has been shown that this acid ma 
either decompose to nitromethane and carbon dioxide or react with nitrous acid to give methyl- 
nitrolic acid aad carbon dioxide. At pH 4—5 methylnitrolic acid is converted into a polymer 
of fulminic acid with much frothing. This polymer breaks down to formohydroxamic acid, 
and it is shown that, under the above experimental conditions, 10% of this decomposes to 
cyanic acid and 90% to formic acid and hydroxylamine. The latter with nitrous acid —_ 
nitrous oxide. An explanation is thus obtained for the anomalous gas vo! and t 
some frothing encountered in the Van Slyke nitrous acid dctemniantion of glycine 


Tue analytical determination of aliphatic amino-groups by the reaction with nitrous acid and 
measurement of the volume of nitrogen liberated presents an anomaly with 2-amino-acids : 


this is that the volume of gas obtained is greater, in varying degree, than is indicated by the 
equation : 


+ HNO, —> HOCHRCOH . 


It was in connexion with 2-amino-acids that the special advantages of the procedure developed 
by Van Slyke (/. Biol. Chem., 1911, 9, 185; 1912, 12, 275; 1929, 88, 425) were most useful ; 
but the uncertainty arising from the fact that “ too much ” nitrogen was evolved, together 
with a considerable amount of carbon dioxide, and that extensive frothing often occurred, made 
it apparent that the reaction was not adequately described by equation (1). Several of the 
amino-acids that gave anomalous gas volumes contained other NH,-groups (amido) or peptide 
linkages (that could react after splitting); and, in the absence of analytical determination of 
the products, it was impossible to say that the excess of gas did not arise from this source. 
However, this uncertainty does not exist with glycine (and other monoamino-acids al] the 
nitrogen in which is evolved), so that the excess of gas must have its origin connected in some 
way with the nitrite ion or nitrous acid. Van Slyke was of the opinion that the diazo- 
intermediate postulated could decompose in two ways, to give either the hydroxy-compound 
or, by total disruption of the molecule, carbon dioxide and “some other gas."' Later 
investigators (Schmidt, J. Biol. Chem., 1929, 82, 587; Lough and Lewis, ibid., 1934, 104, 601; 
Kendrick and Hanke, iid., 1937, 117, 161; 1940, 182, 739; Viscontini, Hele. Chim. Acta, 1946, 
29, 1491) considered that oxidation by the nitrous acid was the source of the carbon dioxide, 
the nitrous acid being reduced to nitrogen. It has been suggested by others that nitrous acid 
de-amination may be a more complex reaction than is indicated by equation (1), and Treves 
and Salomone (Biochem. Z., 1908, 7, 11) and Dunn and Lewis (J. Biol. Chem., 1921, 40, 327) 
observed the red colour of the alkaline solution after the deaminising of certain proteins. In 
the absence of further data they were unable to suggest the nature of these secondary reactions. 
The present paper is confined to the general chemistry of the reaction of nitrous acid with 
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glycine, and forms part of an investigation dealing with the mechanism and products of nitrous 


acid-amine reactions. 

A clue to the more detailed behaviour of the nitrous acid reaction with ¢-amino-acids was 
obtained during a study of the reaction of methylamine with nitrons acid (to be published later). 
It was found that an appreciable amount of nitromethane could be isolated. It was postulated, 
by analogy, that under similar conditions the corresponding a-nitro-carboxylic acid may be 
formed in reaction (1); and it is well known that such compounds are readily decarboxylated 
to yield nitroparafiins. Moreover, such a-nitro-acids would be expected to be very reactive 
to nitrous acid, and it seemed plausible that this was the cause underlying the anomalous 
behaviour of the « amino-secids and, in particular, the source of the carbon dioxide. Although 
the present investigation has been confined to the first member of the series, glycine, considerable 
support was given to the above postulate when it was found that the greater the nitrite-ion 
concentration in the reacting solution the greater was the excess of evolved gas over the amount 
predicted by equation (1). Furthermore, the reaction residue became red when made alkaline ; 
this colour could be discharged on acidification, and ether-extraction from the acid solution 
yielded pale yellow needles of methyl nitrolic acid. 


1. 


Evolution of gas from glycine (OL mole) + sodium mitrite (0-6 mole) in water (300 mi.) when slowly acidified 
at 10° and then heated 


The reaction was carried out by slow addition of acid to the glycine solution containing the 
appropriate amount of sodium nitrite. The nature of the gas evolution is shown in Fig. 1. 
A rapid evolution of gas consisting of nitrogen (~75°) and carbon dioxide (~25%) was 
followed by a slow, but steady, evolution of a mixture of nitrogen, carbon dioxide, and mifrous 
omide, together with nitric oxide from decomposition of the nitrous acid. This slow secondary 
gas evolution was observed by Levene and Van Slyke (/. Biol. Chem., 1912, 12, 285) and 
Schmidt (loc. cif.) although its nature was not investigated. Initially the reaction solution is 
almost colourless, but, on the addition of acid, it quickly develops a reddish-brown colour, 
which soon becomes green. In order to accelerate the slow gas evolution the reaction products 
were heated after 2-3 hours. When heated, the solution became very dark green, and much 
gas was evolved. The solution then suddently became paler—to a reddish-orange, and finally 
to a very pale yellow-—and the gas evolution ceased. The final volume of gas obtained is 
shown by the broken line in Fig. 1. A pronounced odour of hydrogen cyanide was always 
observed after this final heating 

With greater concentrations of sodium nitrite the phenomena were essentially the same, 
but the volume of gas obtained was considerably increased, particularly that of carbon dioxide. 
These results are shown in Table I 

Considerable frothing occurred during reaction at the two higher nitrite concentrations and 
it was with some difficulty that this was controlled at the highest concentration. This 
moderately stable froth, which tends to cause the reaction contents to pass over into the gas- 
collecting apparatus, is discussed below 


j 
eat : 

| 

I 
q sme, hours. 
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Taste 


Gas when 60 wl. of hydrochloric acid (2-0~.) are slowly added to glycine (0-1 mole) 
and sodium witrite (x mole) in 300 mi. of water, Theoretical volume according to equation 
(1), 2°24 2. 


Amount of amount 
glycine, 


The amount of giycollic acid in the residues showed a progressive decrease, 
to the anomalous results described above; these results are contained in Table V. 
When the reaction between glycine and nitrous acid was carried out in the cold with very 
slow generation of nitrous acid it was possible to isolate nitromethane by distiliation and 
fractionation of the residue. If, however, the acid was added at all rapidly, nitromethane 
could not be ssolated and ether-extraction of an unheated portion of the solution yielded pale 
yellow crystals of methylnstrolic acid (together with a yellow oil—see below). This behaviour “ 
was consistent with that of nitroacetic acid, as was directly shown by experiment. The 
successful isolation of the products of the self<iecomposition of nitroacetic acid on the one 
hand, and also of the products of its reaction with nitrous acid on the other, confirms beyond 
reasonable doubt its formation in the above reaction. It has not, however, been possible to 
isolate nitroacetic acid from the reaction mixture, for the above reasons, and in order to check 
the hypothesis further and at the same time obtain an estimate of the amount of nitro-acid 
formed, the empirical method was adopted of running a solution of synthetically prepared 
nitroacetic acid into a solution of sodium nitrite which was being slowly acidified. In this 
way one would be imitating the abnormality postulated in the glycine reaction, and one would 
look for all the abnormal behaviour observed in this reaction, wiz., (I) excessive yield of 
nitrogen, (2) the formation of carbon dioxide and nitrous oxide, (3) the striking colour changes - 
colourlesa ——> reddish-brown ——> dark green, and, on heating, very dark green ——> reddish- 
orange ——> pale yellow, (4) the extensive frothing, (5) the strong odour of hydrocyamic acid on 
distillation and fraction of the reaction residues. The duplication of behaviour was exact. 
Table II shows the quantities of gas evolved when potassium nitroacetate reacts with nitrous 
acid and the resultant solution is heated. 


Ll. 


Potassium 
nitroacetate, g. N, co, 1. N,O, 1 
4.00 0-22 os 


6-00 


os ow 


Cf. the result of the reaction of glycine (0-1 mole) and sodiam nitrite (0-3 mole) : 
0-69 O32 
* Excess of nitrogen, unaccounted for on basis of equation (1) 


This reaction of the nitroacetate ion with nitrous acid may be formulated as follows ; 

ON-CH,yCO,H + HNO, —> + CO, . (2) 
The intermediate oximi x" d is immediately decarboxylated to give methylnitrolic 
acid, which then gives rise to nitrogen, carbon dioxide, and nitrous oxide, as shown below. 
The initial reaction in equation (2) probably involves the aci-form of the nitroacetate ion, as 
appears to be the case with other similar nitrosations, ¢¢., the reaction of nitromethane with 
nitroas acid. When the reaction with nitroacetic acid was carried out at 0°, carbon dioxide was 
quantitatively evolved in accordance with equation (2), and ether-extraction of the solution 
yielded crystals of methyinitrolic acid together with the yellow oil—again in agreement with 
the behaviour with glycine. This oil is being further investigated; but it is thought to be 
dinitromethane, obtained from the oxidation of the methylnitrolic acid. 

A reaction similar to that represented by equation (2) was observed by Ponzio (Gazzetta, 
1903, 33, 1, 510). The action of dinitrogen tetroxide dissolved in ether on oximinoacetic acid 
caused decarboxylation, to give methylnitrolic acid. It would seem that the unstable 
intermediate postulated above is formed in this reaction too : 


HO-NICHCO,H HO-NICHENO, + CO, 


[Nitrite 
mole mole. NL co, NO. 1. 
100 246 32 loo 
0-100 1-200 2-72 13 045 123 13 

| 
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Jovitachitech (Ber,, 1896, 28, 1213) isolated the ester of this unstable intermediate by the 
action of nitric acid (d 1°2) on ethy! oximinoacetoacetate. 

Attention was next directed to the reactions of methyinitrolic acid, in order to determine 
the contributions of this substance to the reactions. In alkaline solution it has a red colour, 
which is destroyed on acidification. Wieland (Ber., 1907, 40, 418) has shown that this acid 
decomposes into tulminic acid and nitrous acid, and suggested the intermediate formation of 
the unstable isomeric nitrile oxide, H~CS=N--O. By slow addition of alkali to an ice-<oid 
solution of methyinitrole acid he obtained a white precipitate which he formulated as a cyclic 
polymer of this isomer of fulminic acid and called trifulmin (s:d., 1909, 42, 808). If, however, 
the alkali is added to the solution at room temperature (20-——25°) very extensive frothing occurs, 
and this has been shown to take place at pH 4-5. The above solutions of glycine and sodium 
nitrite, and of pot itroacetate and sodium nitrite are buffered approximately to this pH, 
and it is thus casy to understand the frothing. Wieland showed that in acid solution trifulmin 
was converted into formic acid and hydroxylamine hydrochloride, and, in alkaline solution, 
into cyanic acid; and he postulated the intermediate formation of formohydroxamic acid, 
HO-CH{N-OH, which he detected by colour tests with ferric ions (cherry-red) and cupric ions 
(green). Table Lil shows the quantities of gas evolved when a solution of synthetically 
prepared methyinitrolic acid was run into a solution of sodium nitrite that was being slowly 
acidified. The froth formed was vigorously stirred into solution. The striking colour changes 
noted above were again observed, and also the odour of hydrocyanic acid after the heating of 
the solution. 


Tasie 
Methylnutrolx 
acid, g N,, I. CO,, |. N,O, 1. 
Om 
335 ow owe 


The dual mode of decomposition of formohydroxamic acid led to similar experiments being 
carried out on synthetically prepared acid, in order to determine the relative proportions of 
the two modes under the experimental conditions used, and also to ascertain the fate of the 
decomposition products in the nitrous acid solution, This decomposition of formohydroxami 
acid may be represented 


NH, + CO, HNCO <— HO-CHIN-OH H-CO,H + NH,OH 


The data in Table LV show the quantities of gas obtained when a solution of formohydroxamic 
acid is heated with an acid sodium nitrite solution (as in the experiments with glycine, with 
potassium nitroacetate, and with methylnitrolic acid). 


Tasie IV, 
Formh ydroxame 
acid, N,, | N,O, 1 
1-53 26 


As expected, the cyanic acid formed in the reaction immediately decomposes to carbon 
dioxide and ammonia, the latter with nitrous acid then giving nitrogen. By a similar reaction 
part of the hydroxylamine gives nitrous oxide, and part decomposes to nitrogen and ammonia 
(which with nitrous acid gives nitrogen). The formic acid remains unchanged and may be 
detected by its reducing properties. 

Most of the carbon dioxide obtained in the glycine reactions comes, therefore, from the 
decarboxylation of the nitrosated nitroacetic acid, and estimates were made on this basis, with 
the help of the data of Table LI, of the amounts of nitro-acid formed in the different glycine 
sodium nitrite solutions, These amounts are shown in Table V (col. 3), and compared with the 
analytical determinations of glycollic acid in the residues (col. 4). 


Taste V. 


Glycine Initial, NaNO, Nitroacetic acid, Glycollic acid, 
mole mole mote. mole 
Soo OOSS 
ow 
0-100 1-200 OOS 0-032 
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The accumulated evidence now permits co-or’‘nation of the behaviour observed when 
glycine reacts with nitrous acid in the presence of nirite jon. The sequence of reactions may be 
formulated as shown in the reaction chart. 

The detailed mechanism of the process involved in the removal of the NH,-group has yet to 
be confirmed, but steps leading to a carbonium jon are postulated, and glycollic acad would be 
formed by interaction of this ion with water molecules. The carbonium ion may also react with 
Regative ions in solution to give nitroacetic acid (which then undergoes the series of changes 
represented) or chloroacetic acid (which has been iolated), by interaction with nitrite and 
chioride ions, respectively. It would be expected that the greater the ionic concentration the 
greater would be the amount of substituted acid formed and, as shown in Table |, this has been 
found in the case of solutions contaiming varying amounts of nitrite ton. 

In the reaction scheme the nitroacetic acid is represented as reacting with nitrous acid with 
subsequent decarboxylation, and not as undergoing prelaminary decarboxylation followed by 
reaction of the nitromethane with the nitrous acid to give methylnitrolic acid. The reason 


HNO, 


+ 
ONCHIN-OH + CO, MeNO, + CO, 
Methyinitrolic acid 
*NO- NH, OM 
o- 
“ Trifalmin ONCXIN-OH (X Cl, HSO,, or OAc) 
| 


HNO, 1 
N, NH, + CO, HNCO HOCH:N-OH H-CO\H + NMyOH NO 


is that decarboxylation of nitroacetic acid is comparatively slow at 0° (and even at 20°), whereas 
in the presence of nitrous acid the carbon dioxide is liberated immediately. The nature of 
this reaction, which is used as a test for nitroacetic acid, does not appear to have been previously 
considered in detail. 

The reaction solutions always developed a green colour, which was more intense the lower 
the temperature and the higher the nitrite-ion concentration. It was at first thought that 
methylnitrosolic acid (ON-CH:NOH, from HONC and HNO,) was the cause of the colour. 
This acid is known to be green and to decompose to formohydroxamic acid (Wieland and Hess, 
Ber., 1909, 42, 4175). However, methylnitrosolic acid is easily extracted by ether (to give a 
green extract), whereas the green colour in the glycine, nitroacetic acid, and methylinitrolic acid 
reaction solutions could not be removed in this way. Therefore, it appeared that the colour might 
be that of the anion of a more acidic nitroso-compound. The moderately stable green colour was 
obtained irrespective of the acid used (hydrochloric, sulphuric, acetic). When, however, hydro- 
chiornc acid was added in excess of that required for reaction the green colour became deep blue. 
This colour could easily be extracted by ether. On drying of the ethereal extract the colour 
changed to emerald-green. Evaporation of the ether under reduced pressure yielded a green ol, 
which was explosive at room temperature, and from its reactions was considered to be a chioro- 
nitroso-compound. Its constitution has yet to be confirmed. The green oi) becomes blue when 
added to water, and, on addition of alkali, olive-green. These colour changes are reversible. This 
suggested that the green colour of the reaction solution might be caused by the ion of the chioro- 
nitroso-compound, ON-CCENO™ (which would be stabilised by resonance). With sulphuric and 
with acetic acid the anions formed would be ON<C(HSO,)°NO~ and ON-C(OAc):NO™ , respectively 
It is assumed that in these cases the free (un-ionised) acids are too unstable to exist in visible 
concentration. (Nef found that CHCEN-OH is much more stable than CH(HSOJ):N-OH ; 
Annaien, 1894, 280, 316.) The blue colour of the aqueous reaction solutions and the behaviour 
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of the green ot! were observed whenever hydrochiorx acid was used in the treatment of glycine, 
nitroacetic acid, of methyinitrolic acid with nitrous acid. The gas evolutions were, however, 
independent of the acad employed. 

The white solid obtained by Wieland (oc. cst.) on addition of alkali to methy‘nitrolic acid 
is very explosive when dry, and is insoluble in all ordinary solvents, Wicland considered it 
to be a trimer of an isomer of fulminic acid, and assigned to it a cyclic structure by 
with the structures accepted at that time for cyanuric acid and cyamelide. In the light of 
present knowledge it seems that the properties of this substance would be more consistent with a 
straight-chain indefinite polymer (“CHIN ’(-O")*),. The froth obtained in the experunents with 
alyeane (cf. p. 150) appeared to be gas, from decomposition of part of the solid, enclosed in liquid 
fiims stabilwed by the anchanged dispersed solid. As such it was difficult to suck dry on the 
filter funnel bet, when dry, it had the same explosive properties as the more easily filtered 
substance obtained at O° from methylaitrolic acid. One of the dithculties encountered 
in the Van Slyke determination of amino-acids by nitrous acid is the extensive frothing that 
often ocours, which tends to carry the reactants into the gas-measuring compartments. The 
cause of this was previously unknown, and octan-2-ol is added in these determinations in 
an attempt to diminish this trouble (Peters and Van Slyke, “ Quantitative Clinical Methods,” 
Vol. I, p. 385, Williams and Williams, Baltimore, Md., 1932). As shown above, the pH at 
which methylnitrolic acid changes to this polymer is about 4-5. The pH in a Van Slyke 
determination is in this range, and it is thus easy to see that any methylnitrolic acid formed 
during a glycine determination will lead to frothing 

The formation of hydrogen cyankle im all cases, starting from glycine, nitroacetic acid, or 
met’ yinitrolic acid, undoubtedly owes its origin to the oxidming properties of the unstable 
tsomer of fulminic acid, and ts correlated with the observation of Wicland (Joc. ct4.) that trifulmin 
and hydroxylamine gave hydrogen cyanide. Nef (Annalen, 1894, 280, 330) and Schischkoff 
(Annalen, 1861, Suppl. Vol. 1, 108) have also observed the formation of hydrogen cyanide from 
in reducing media, 

It is chowr that ton interaction is the determining factor causing the deviations from equation 
(1); and, m the usual procedure the anion involved is the nitrite ion. The subsequent changes 
that the pitroacetic acid thus formed may undergo allow an essentially complete explanation 
to be draw. up for the man:fold series of changes observed in the glycine-nitrous acid reaction. 
The reaction is more disturbed by interaction with nitrite ion than by that with chloride ion; for 
the latter, ‘orming chloroacetic acid, may eventually yield the expected hydroxy-compound, 
whereas the nitroacetic acid, being so reactive to nitrous acid, results in extensive changes. 
Although it has generally been asserted that oxidation was the source of the carbon dioxide, 
it now aprears safe to dismiss oxidation as the disturbing factor, for oxidation of amino-groups 
is Net easy tn acid solution and, moreover, the carbon dioxide is evolved from the commencement 
of the reaction Also, very little nitric oxide (<c1%) is in the first part of the evolved gas. 
This gas contains some 25°, of carbon dioxide and, if oxidation were the cause of this, much 
more nitric oxide would be expected. It was also shown by experiment that a large excess of 
nitrous acid was without effect on the amount of carbon dioxide, and that the deviation of 
behaviour from equation (1) depended on the nitrite ton and not on the nitrous acid 

In order to minimise this nitrite ton effect (and at the same time check again the above 
postulates) the procedure was adopted of running the nitrite solution slowly into an acid- 
giycine solution. The results obtained are summarised in Table VI. When the solution was 
acitified with hydrochloric acid the carbon dioxide was evolved in about 10° of its former 


Tapie VI. 
Sodtim wiirile solution slowly added to glycine (1 wale) and O-12™-acid in water (300 mil.). 
Acid 

Hel 0-065 

He} 

quantity; but when acetic acid was employed, whilst less carbon dioxide was evolved, the 
quantity was considerably more than when hydrochloric acid was used. This was as expected ; 
for the equdibrium ; 

+ NO," HNO, + 


lies very much to the left, and therefore much frde nitrite ion is present in such a system. 
The Van Slyke determination ws carried out Hy mixing three solutions: saturated aqueous 


3 
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sodium nitrite, acetic acid, and the solution containing the amine. Acetic acid is used for 
two reasons. First, it causes less decomposition of nitrous acid-——for the above-mentioned 
reason that very little free nitrous acid exists in these solutions. Nitrite ion is thus in exooss, 
and so it causes the anomalous behaviour described. Secondly, amides, urea, ete. which are 
usually present in biological extracts, evolve nitrogen much less readily in the absence of 
mineral acid. Therefore attempts to minimise the disturbances caused by nitrite ion intervention 
by adding the nitnte solution to the amino-acid solution acidified with mineral acid (Table VI) 
would be unsatisfactory. 

It was also noted that very little nitrous oxide was evolved when a glycine-sodium nitrite 
solution was rapidly acidified. This was due to the removal of nitrous acid from the solution 
(free nitrous acid rapidly decomposes). The hydroxylamine was shown to be held in solution 
as the hydrochloride 

From the foregoing, it is clear where the discrepancy lies in the Van Slyke determination of 
glycine. Although only one amino-acid has been studied here, it seems probable that the 
above series of reactions will apply in principle to a «amino-acids generally, although the 
influence of adjacent groups in the higher members has yet to be ascertained. This influence 
may manifest itself with the higher amino-acids, such as alanine, etc., mainly by virtue of the 
reduction in the number of a-hydrogen atoms. The changes subsequent to the formation of 
nitro-compound may be impeded and nitrosation, which is so important in the rapid 
decarboxylation of glycine (p. 153), may not be possible. The amount of gas evolved with 
alanine, etc., is very close to that predicted by equation (1) and so permits the use of 
the Van Slyke determination, but it is almost certain that corresponding nitro-compounds are 
formed to a large extent and so the chemistry of the change is not represented by this equation 
Glycine has always been recognised as one of the amino-acids least suitably determined by this 
method, and many attempts have been made to remove the anomaly of “ too much " nitrogen 
Kendrick and Hanke (J. Biol. Chem., 1937, 117, 161) claimed that the addition of potassium 
iodide or iodine eliminated the excess of nitrogen. This was disputed by Dunn and Porush 
(sbid., 1939, 127, 261) but reiterated by Kendrick and Hanke (sbid., 1960, 138, 739). They 
considered that the effect was caused by preferential oxidation by the iodine (with the result 
that nitrous acid was not reduced to nitrogen); but in view of the established nature of the 
glycine reaction it would be better to defer an explanation of the iodine effect until the reaction 
of iodine with the now known intermediates has been established. 

The present inve*tigation gives an explanation of the abnormal kinetic results of Abel, 
Schmid, and Sidon (7. Elehtrochem.,. 1933, 89, 863) in their investigation of giycine; it was 
found that as the nitrite-ion concentration was increased the velocity coefficient of the reaction 
increased several-fold. This was attributed to specific electrolyte effect on the amphoteric 
glycine (carbon dioxide was not tested for in the evolved gas, all of which was assumed to be 
nitrogen). 

Viscontini (Helv. Chim. Acta, 1946, 29, 1491) found that reaction of nitrous acid with 
polyglycines, such as glycylgiycine, yielded very little of the expected hydroxy<compound, 
HOCH, CO-NE-CH,CO,H, but a large amount of oxalylgtycine, HO,CCO-NH-CH,CO,H 
The evolved gas contained very little carbon dioxide, but the nitrogen was 160% 
of that expected from the usual equation. These facts may now be interpreted 
on the assumption that the corresponding nitrocompound is formed, followed by 
nitrosation, giving O,N-CCN-OH)-CO-NH-CH,CO,H which decomposes to oxalyiglycine. 
It seems probable that nitrous oxide formed part of the gas evolved, but this was not 
tested. 

It may be asked: “ Where does the sequence of reactions stop under the conditions of 
the Van Slyke determination of glycine?" No proper answer can be given, but the considerable 
frothing that occurs indicates that part, at least, of the nitrolic acid has reached and passed 
the trifulmin stage. Concerning the gas evolution it may be said that there is a very rapid 
primary evolution of nitrogen (nitrous acid elimination of the amino-group of the amino-acid) 
accompanied by a fast evolution of carbon dioxide (from decarboxylation of the nitrosated 
nitro-acid). The secondary nitrogen and carbon dioxide, as well as the nitrous oxide, are 
formed at the end of the series of reactions (p. 153) and, at ordinary temperatures, this gas 
evolution is comparatively slow. The specified time in a Van Slyke determination is about 
4 minutes (according to the temperature), and it can only be said that the stage reached in 
the gas evolution will at this time be somewhere just after the steep part di?the curve in 
Fig. 1. 
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The apparatus used for measuring the gas evolution is shown in Fig 2. Glycine (0-1 mole} and the 
appropriate amount of sodium nitrite were dissolved in water (300 ml.) in the flask A immersed in the 
thermostat. The whole apparatus was filled with nitrogen from « cylinder, and then standard acid 
(2s) was slowly added from the burette (time of addition approx. 40 minutes). The evolved gas was 
collected in G over saturated aqueous exiicm chloride, which was also saturated with the relevant gases. 
After a fixed interval of time (2—3 hours in different experiments) the thermostat was removed and the 
contents of fask A were heated to boiling. The ice col¢water-condenser 3 re tained steam, and this 
condensate was collected m the container Hydrochloric, sulphur, and acetic were used and 
no diflerence was observed (other than the blee colour when hydrochloric acid was used). The 
preliminary reaction (1.4, before the heating) was carried out at 6°, 16°, or 26°, again with no significant 
difference ‘although the green colour that developed was more imtense the lower the temperature) and 
16° was chosen for convenience in the final investigation. 


Pics. 2 


The gas analyses were carried out on samples (35-45 mi) taken from the gas collectors and brought 
into contact saccesuvely with small volumes of concentrated absorbents in gas burettes Acid ferrous 
sulphate was used to remove nitric oxide, potasstum hydroxide for carbon dioxide, and ethy! alcohol for 
nitrous oxide The ressdual gas was assumed to be nitrogen. Tests tor carbon were negative 
Hecause of its solubility in most reagents the presence of aitrous oxide makes the analyses somewhat 
uncertain, but by the use of small volumes of concentrated reagents the error due to this was kept low 
That the gas removed by the ethyl alcohol was nitrous oxide was proved by passing the original gas 
after removal of nitric oxkle and carbon dioxide) through a trap immersed in liquid air. A white 
solid was retained. (nm removal of the trap from the liquid air this white solid nfelted to a colourless 
liquid which botled at a very low temperature, and the evolved gas remained cojourless in the presence 
of oxygen. Samples were evaporated into a eudiometer, mixed with hydrogen (1-8—2-5 volumes), and 
exploded according to the method of Menzel and Kretzschmar (Z. angew. Chem, 1929, 42. 148). The 
— ee observed were exactly equal to the original volame of gas sample: N,O + H,——> 

{,0 + Ny 

Maternal: —Giycine ayed in the above experiments was recrystallised from aqueous alcohol and 
contained no detectable impurities, Analysis by the Sorensen formaldehyde method gave results 
identical with 3 other samples of AnalaR glycine 

Potassiam nitroacetate was prepared from nitromethane (Steinkopf and Kirchhoff, Ber, 1900, @. 
3925) and, when recrystallised several times (50%, aqueous potassium hydroxide) and washed with 
ethyl aleohel, was pale yellow. It was quite stable when kept mm eacwo. It proved more convenient 
to use the potassium salt rather than the free acid, the preparation of which required the extra steps 
given by Pedersen (Trass. Faraday Sec., 1927, 23,316). The acid, after recrystallisation from chloroform, 
melted at 9303-5" (lit. 

Methyinitrolic acid was prepared from nitromethane by the method of Wieland (loc. cit). It is an 
unstable compound, m. p. 64--66° (decomp), and could not be kept for more than a few hours. The 
aqueous solution soon decomposed and the gas measurements obtained with this (Table III) are not 
as decisive as those obtained using potassium nitroacetate 

Formohydrexamic ackl, prepared from ethyl formate and hydroxylamine (Jones, Amer, Chem. J. 
1898, $0. 25). forme! white glistening plates, m. p. 80" 


1 | 
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A || 
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Isolation of Nitrometh from the Giyoume-Nitrows Acid Reachoa.—-The success of this experiment 
depends on the very slow addition of acid to the glycine-sodium nitrite solution in order to avoid a 
local excess of nitrous acid and #0 to enable the nitroacetic acid to decompose to nitromethane = Glycine 
(05 mote) and sodium nitrite (¢ mole) in water (500 ml) were slowly acklified (150 ml. of 2x-sulphuric 
acid) during 3 hours. An hour after completion of the acidification the solution was distilled, Oily 
droplets were visible in the early portions of the distillate, and distillation was continued antil 150 mi 
were collected. The distillate was neutralised and then fractionated using an ord dise<olumn 
Hetween 75° and 95° a colourless 2-phase liquid was collected (total volume, 10 mi.) lower phase 
With nitrous aced it gave the aitrolic test for nitromethane and, after 
p. 100—102" (mscro-method) (nitromethane has b. p. 101°) (Found: C, 20-1. 
H, 22 Cale. for C, 19-7, HM, 40; N, 23-09%). The refractive index was identical 
with that of a carefully punted specimen of aitromethane 
Isolahen of Methyinutrole from the Glycume-Niutrous Avid Reaction —The reaction was carried 
out at O with moderately quick addition of acid, taking precautions to & the temperature low. The 
solation was extracted twice with ether, the extract dried (CaCl,), and the solvent removed under reduced 
pressure Pale yellow needles (~2 ¢). m. p. 64-—66", wore obtained from a solution of glycine (0-4 mole) 
and sdiam nitrite (1-2 moles) in 300 ml. of water when acidified by 300 ml. of 2n-sulpburic ackl. the 
m P and reactions were identical with those of synthetically prepared methylaitrolx aced. About 
510 mi. of a yellow ofl were also obtained in the extraction ici. p. 15! On increase of the 
concentration of sodium nitrite in the above experiment, there was a marked increase in the amounts 
of yellow solid and ot], bet these experiments at higher nitrite concentrations were difficult to control 
because of the extensive frothing 
Identical behaviour was observed when potassium nitroacetate was used in place of glycine. Pale 
yellow needles, m. p. 64-66" (decomp.), and a yellow oil were obtained on ether-extraction of the 
reaction residue 
Formation of Trifulmen —The white froth that formed at ordinary temperatures in both the glycine 
and the potassium nitroacetate experiments could be filtered off, it had the same explosive character 
as the substance prepared from methyinitrolic acid (Wieland, lov. ef). With methylnitrolic acid the 
frothing was shown to commence at pH 4—5 
Isolation of Acid from the Acid Reaction when Chloride loms weve present 
Glycine (0-3 mole), sodium nitrite (0-32 mole) and potassium chloride (2-0 moles) were dissolved in water 
(S00 mil), and 150 mil. of acid (2n.) were slowly added during 2 hours. The temperature was kept at 
5°. The blue colour of the final solution was readily removed with ether, and the colourless solution 
was then extracted with several further lots of ether. These extracts were dried (CaCl). Evaporation 
of the ether yielded 11-9 ¢ of white crystalline material, This had an odour similar to that of acetic 
acid, contained “bound” and, after reorystalliaation from chloroform, had m p. 63° 
andepressed on admixture with chioroacetic acid. The material boiled without decomposition at 
187-189" /765 mm. (Pound: C, 25-6; H,33; C1, 374. Cale. for CH,O,C!; C, 26-4: 3-2; Cl, 37-60%) 
The amount of recovered chloroacetic acid represents a 40% conversion of the original glycine 
Analytical Determination of Giycollic Acid im the Glycime-Nitrous Acid Residues —The actd-—alkaline 
permanganate method suggest by Wieland and Franke (Annelem, 1027, 467. 13) with the 
recommendations of Bottger and ( t (° Newer Methods of Volumetric Chemical Analysis,”’ Van 
Nostrand, N _Y., 1938) was found satisfactory. It was shown, using potassium nitroacetate, that most 
of the products other than glycollic act’ could be removed by treatment with excess of nitrous acid 
followed by boiling (to remove formic acid). It was shown, using glycollic acid (Kahlbaum), tha the 
above treatment resulted in the decomposition of approx. 10% of the glycollic acid, but it was considered 
that the method was sufficiently accurate for the present purpose 
Other Identifications —Hydrocyanic acid was detected tn the distillates by the characteristic odour, 
and the white precipitate obtained with silver nitrate (soluble in ammonia, insoluble in nitric acid) 
darkened on ition of mercurous nitrate (dissolving in excess). Prussian blee was obtained by 
heating with ferrous sulphate in alkaline solution. The pungent odour obtained on continued distillation 
(and fractionation) was established as due to formic acid by the solubility of the silver salt of the latter. 
and its reduction of ammoniacal silver nitrate Hydroxylamine was detected in the residues by its 
reducing properties (mercuric chloride), and the formation of ammonia on heating of the alkaline 
solution. 
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33. A Kinetic Study of Organic Inhibitors of the Reaction 
between Magnesium and Acids. 
By R. Hoxst and M. A. Jeawyw. 


of the of metal-acié reactions organk substances and presents simplified methods 


for studying the kinetics of such inhibitions 

The dissolution of magnesiam by acids has been found to be inhibited by organic amines 
The dissolution reaction is of zero order in the presence of excess of acid, with an energy of 
activation of about 4000 cals /g.-mol. which is not greatly altered by the presence of inhibitor. 
Various reaction-rate constants have been determined. The relation between inhibitor 
concentration and degree of inhibition is found to be that expected for an adsorption process 
The effectiveness of the inhibitor depends on steric factors—the shape and size of its molecule 
regarded as adsorbed on the metal surface at an active point. 


Ir has jong been known that certain organic compounds can inhibit the attack on metallic 
surfaces by acids and other corroding agents. Investigations have been made into the 
inhibiting properties of a variety of sabstances, ranging from simple aliphatic amines to large 
colloidal molecules, chiefly with a view to practical application. From this body of data the 
following widely-accepted generalisations have been drawn. First, organic inhibitors act only in 
so far as they are adsorbed on the metal surface, since it is found that the activity of the inhibitor 
in depressing the reaction rate when expressed as a function of its concentration is a typica! 
adsorption isotherm (Mann, Lauer, and Hultin, Ind. Eng. Chem., 1936, 28, 159, 1046). The 
presence of an adsorbed film of organic base has actually been demonstrated in one case (Rhodes 
and Kuhn, sbid., 1929, 21, 1066). Further, compounds having inhibitor properties are either 
colloidal electrolytes or molecules which form co-ordination complexes (¢g., amines, ethers, 
thio-compounds, unsaturated hydrocarbons). Secondly, closely related compounds, though 
held to the metallic surface by the same active group, have widely different inhibiting powers. 
These differences may be explained by steric factors—an inhibitor molecule blankets an area of 
the metallic surface dependent on its shape and size. 

Very little work has been done to elucidate the exact mechanism of these inhibitions; indeed, 
there is stil! no general agreement on the mechanism of the primary reaction between metals and 


acids which, like many heterogeneous reactions, has complicated kinetics unless simplifying 
conditions are chosen. It is only under similar simplified conditions that we can hope to obtain 
an insight into the mechanism of the inhibited reaction. A simple molecule as the inhibitor 
and a highly clectropositive metal dissolving in a dilute strong acid provide the simplest 
conditions possible and help the theoretical analysis of the problem even though efficient 
“ inhibition " in the practical sense is not achieved. : 


EXPERIMENTAL. 


Hollow cylinders of magnesiom, 20 cm. long and 0-9 cm. in diameter, were turned from rods of the 
pure metal. The preparation of the surface was found to be the most important single factor affecting 
reproducibility of the rate constants. Chemically etched surfaces gave erratic results and only 
mechanically polished surfaces were satisfactory. The cylinder was cleaned from oxide and grease and 
then polished with superfine emery a” Particles of abrasive and metal were swabbed off with 
cotton-wool mowwtened with alcohol opreparation of the surface was necessary after each run, 
especially when strongly inhibiting solutions were used. Reproducibility of +2% was obtained with 
the same cylinder when prepared in this way. After being weighed, a prepared cylinder was secured to 
an ebonite rod passing through it by ebonite nuts and rubber washers at each end, and the whole was 
screwed together tightly so that only the external cylindrical surface was exposed. The rod was held 
vertically in a chuck which could be rotated at high speed through gearing from a constant-speed motor 
and which could be raised and lowered while rotating. The corrosive solution (500 ¢ c.) was placed in a 
bolt-head flask immersed in a thermostat kept at the desired temperature to within +0-05°, and allowed 
to come to bath temperatare The motor was then started, and after reaching constant speed the rod 
and cylinder were lowered into the solution. At the end of the reaction period the rod was raised and a 
stream of water played on the cylinder as it slowed down. The detached cylinder was then washed 
thoroughly with distilled water, dried in a stream of warm air, and weighed. The raising and lowering 
of the cylinder occupied less than a second each in the usual total time of four minutes 

According to various workers (King and Cathcart, J. Amer. Chem. Soc., 1937, 69, 63; King and 
Schack, sid, 1935, 67, 1212; Durdin and Markovitch, J. Gen. Chem. Russia, 1936, 6, 236; 
Kilpatrick and Rashton, Physical Chem., 1930, 94, 2180), the reaction in the presence of a large 
excess of ack! is of nero o To check this under our conditions the same cylinder, freshly prepared 
each time, was rotated for various periods in an acid solution. Results obtained in a sodium acetate- 
bydrochloric acid mixture (pH 140; see Walpole, Biochem. 1914, 8, 637) in 0-1 N-acetic acid 
and in 0-1 s-sulphuric acid are shown graphically in Fie 1. In each case the loss in weight is proportional 
to reaction time, and it is therefore legitimate to take the loss during any convenient time as a measure 
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of the rate constant. In all further experiments a period of 4 minutes was used, enough to 
or the amount of acid present. 


Fis. 1. 
Loss of weight of magnesium cylinders in acid solution at 25°. 


i, 
8 


d 
loss weight (mg) 
x 0-9 om, 2150 in 500 ¢.c. 
x 1300 p.m. in 500 


0-9 1300 in 500 acetate ct mixture (pH 1-09), 
x om., 2150 in 400 cc, LN-acetic acid. 


In order to extend the above procedure to the measurements of inhibiting power, a given cylinder, 
after duplicate runs in fresh portions of the acid solution, was again run twice in portions of acid to 
which the desired concentration of inhibitor had been added. The ratio 

Average loss in weight in solution with inhibitor 

~~ Average loss of weight in pure acid solution 
was termed the “ relative corrosion,” and was independent of actual loss of weight, which varied 
slightly from cylinder to cylinder since the dimensions were not all the same. The simple aliphatic 
amines are not very efficient inhibitors of the metal-acid reaction, and with magnesium and strong 
acids it was found that the main effect of add the base was neutralisation. The reactions were 
therefore carried out in the sodium acetate-hydrochloric acid mixture referred to above. Large 
additions of amine could be made to it without sensible alteration of its pH of 1-09. Heteroc 
nitrogen compounds were much better inhibitors. Typical results are given in Table I, 
being the inhibitor. : 


100 


Tasie I. 
Acid: NaOAc-HCl mixture. Inhibitor : 
Time: 4 minutes. Temperature : 25°, 
Conen. of Loss of wt. in acid plus 
inhibitor Loss of wt. in acid inhibitor Relative 


REsvuits anp Discussion, 


Calculation of Rate Constants,—-It has been stated (King and Schack, /oc. cit.) that the rate 
of reaction is directly proportional to the velocity of the surface through the solution at speeds 
above 1000 cm./minute. Speeds used in this study were 1300 r_p.m. and 2160 r.p.m., giving 
for cylinders 09 cm. in diameter a linear velocity through the solution of 3675 and 
6080 cm./minute, respectively. The ratio obtained by comparing the slopes of curves 1 and 
2 in Fig. 1 shows that in the present case the rates are roughly, but not exactly, proportional to 
these velocities (ratio of speeds = 1°65; ratio of reaction velocities « 1°43). Kilpatrick and 
Rushton’s relationship (loc. cit.), i.¢., reaction velocity proportional to (speed of rotation)*®, 
gives a calculated ratio of reaction velocities of 1157, agreeing even less well. It was decided 
to use King and Schack’s relationship in comparing the data of the present study with those of 


5 216 210 Mean 213 185 181 Mean 183 88:8 
0 199 (197 198 162161 161-5 82-0 
16 196 201 198-5, 4148 151 16-0 
20 198 200 14044 142 7140 
202 «204 203 1200 127 62-5 
198) 1o7 112 109-5 
197 202 199-5 93 915 48-9 
200 202 85 8! 8&3 412 
100 24 202-5 70 75 72-5 
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previous workers. The special first-order formula used in both the investigations just referred 
to was thus adjusted for speed of rotation and a constant & was calculated from the formula 


2303V a 1000 
where V = volume of solution, in ml.; A = area of cylinder surface, in square cm.; ¢ « time 
of run, in minutes; @ = dissolving capacity of solution, in any units; + — amount dissolved, 
in the same units; L = linear speed of cylinder surface, in cm. /minute. 


Taste I. 
2000 
6080 
3675 


Hcl 06m 
Acetate-HCl mixture (pH = 1 
Pyridinium chloride (0-06m.) + pyridine (0-04m.) 
Pyridinium chloride (0-03m.) + pyridine (0-07m.) 
Pyridiniom sulphate (0-06m.) + pyridine (0-05s) 
* K. and C. = King and Cathcart; H. and J. = present work 


This constant is then independent of volume used, concentration of acid, size of cylinder, 

and time of run, and reduces all results to a linear speed of 1000 cm./minutes, It has the 

Pos. 2 dimensions cm./minute since the reaction is 

, diffusion controlled. Table II gives the calculated 

ant values of & for various solutions used in the 

present work and also some recalculated from 
the work of King and Cathcart. 

The table shows that the values obtained in 
the present work are of the same order as those 
obtained earlier and are in good agreement when 
direct comparison is possible, allowance being 
made for the fact that the constant is adjusted 
empirically for the difference in speed of rotation 
and is taken over only a short part of the reaction. 
The constant can be seen to vary with the acid 
used and is not directly related to the hydrogen- 
jon concentration. It is noteworthy that the 
pyridinium ion is an even more corrosive agent 
than the hydrogen ion and confirms the view 
that all the “ acids" in the extended sense must 
be considered to take part in the reaction. 

Effect of Inhibitors.—The figures for the in- 
hibiting power of various amines in the acetate- 
acid mixture obtained as outlined in the experi- 
mental section are shown graphically in Fig. 2. 
Most of the curves are of the type to be expected 
if adsorption is the controlling process. The 
figure shows clearly the increased efficiency of 
inhibition due to: (@) increasing length of chain 

w (compare ethylamine and isoamylamine), (b) 
Intebiter multiplicity of chains (compare ethylamine and 
dimethylamine), (¢) ring formation (compare 

tsoamylamine and piperidine), (d) multiple rings 

Yoon (compare quinoline and piperidine). 
These results extend to magnesium con- 
clusions that have been reached after detailed 
observations of other metals (Mann, Lauer, and Hultin, Joc. cit.) The carve for ethanolamine 
shows a remarkable and reproducible anomaly; this, and the greatly increased efficiency 


Corroding solution cm. /min. a. Observers 
H,SO, 0-205 H. and J 
.... 6-202 H. and J. 
0-0597 2000 0-000 K. and C. 
4 K. and C. 
H and J 
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giving an enhanced 

an insoluble yellow complex was formed with 
magnesium salts giving an adherent coating so that this part of the work was discontinued. 

If the results shown in Fig. 2 are plotted as log (% decrease in corrosion) against log 
(concentration of inhibitor), as in Fig. 3, it is clear that the relation log J = log a + } log ¢ 
(where J = % decrease in corrosion, ¢ = inhibitor concentration) is valid up to about 40% 
decrease in corrosion for all inhibitors studied. For this part the slope (6) is about 0°75. With 
tsoamylamine, pyridine, and piperidine there is a second straight part of the curve with a slope 
of about 0°40 (cf. Mann, Lauer, and Hultin, Joc. cit.). If we assume that the inhibiting action 
is controlled by adsorption from the liquid on the solid metal, the values of b are of the right 


Fro. 3. 


20 


+0 20 
loglinhibitor concentration m.- mols./l.). 
order. The break in the curve may be due to a change of packing necessary to accommodate 
the larger molecules, or to an overflow from primary to secondary cathodic areas according to 

Taylor and Rideal’s theory (‘‘ Catalysis in Theory and Practice,” 1922). 

Temperature-coefficient Measurements.—Measurement of the rates of the inhibited and the 
uninhibited reactions were made over a range of temperature and the apparent energies of 
activation were calculated from the Arrhenius equation 4 = Ae*'®", 

The results given are the average of duplicate runs with each of four identical cylinders and 
are thus the mean of eight determinations. It has been shown (King and Cathcart, loc. cit. ; 
King and Braverman, J. Amer. Chem. Soc., 1932, 54, 1744; King, ibid., 1935, 57, 828) that the 
observed energy of activation for the dissolution of metals by strongly acid solutions is probably, - 
in fact, an energy of diffusion; the values found agree with that to be expected for a diffusion 
energy and are extremely low for a truc activation energy. The mean energy of activation 
found in this study (3800 cals. /g.-mol.) agrees with that found by other observers. 

Whatever the mechanism, it is obvious from Table III that it is not inherently altered by the 
presence of inhibitors. Areas of surface are apparently blocked off, but the residual reaction 
is the same as before. 

III. 
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Dimethylamine. 
x isoAmylamine. 
Ss fyridine. 
Piperidine. 
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The apparent energy of activation is in all cases about 4000 cals. /g.-mol. but shows a tendency 
to decrease with rise of temperature, for both the inhibited and the uninhibited reactions. 
There is also a sharp increase with the first increment of inhibitor, but with succeeding additions 
the energy decreases and approaches the value for the uninhibited reaction. 


Poa. 4, 


C. Newtralsation curve, 0-15n- 


Experiments im Unbuffered Solutions.—As remarked earlier, the chief effect of adding a 
basic amine to an unbuffered solution of a strong acid is neutralisation. Thus the experimental 
curve for piperidine and sulphuric acid (Fig. 4) follows generally the theoretical curve 
for neutralisation. In the first part, however, the rate is always less than the theoretical, owing 

Fre. 5. to the effect of the concurrent adsorption, but 


at the point of complete neutralisation, there 
Extended version of Fig. is still a residual reaction equal to 4°6% of the 
0-05m-sulphurse original rate, showing that the piperidinium 
cation itself is acting as an “ acid” in the 
| extended sense. 
The experimental curves for pyridine show 
\ this effect even more clearly (also on Fig. 4). 
, At the neutral points for three acid strengths 
it was found that the resulting pyridinium 
sulphate was more corrosive than the original 
sulphuric acid. Results obtained on adding 
extremely large amounts of pyridine to 
005s-sulphuric acid are shown in Fig. 5. 
Even’ when the solution was with 
respect to the pyridine, the reaction rate was 
Z still 50% of the uninhibited rate. Thus both 
faintly acid (pyridinium sulphate) and faintly 
basic (pyridinium sulphate and pyridine) solutions, show high reactivity, and this can only be 
int<rpreted as showing that the pyridinium ion itself is active in the metallic dissolution process. 
The curves of Fig. 4 and 5 therefore show the following effects: (a) initial neutralisation 
combined with slight inhibition, (6) a corrosive action by pyridinium ions which rises as the 
pyridinium ion /hydrogen jon ratio rises, (c) inhibition of pyridinium-ion corrosion by increasing 
amounts of pyridine. The complex nature of the interactions allows only genera! conclusions 
to be drawn and it is not yet possible to explain the shape of the curves in detail. 
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34. Experiments on the Substitution Behaviour of the Silicon 
Chlorobromides. 


Trichlorob ilane and 
ment of both chlorine and bromine, the 


experiments 
made in this laboratory by Lorking have shown that this reactivity does not extend to the tetra- 
bromide, which indeed, fails to yield substitution products with methylmagnesium bromide at 


proceed thus : 


Etsicl, (1) 


EtsiCl,Br (IL) 
SiCl,Br, 


(IIL) 
The percentages represent the atomic ratio of the two halogens from the silicon chlorobromide 
purified products (I), (11), and (111) were in similar proportions. The 
dichlorob (Il), b. p. 120—121°/768 mm. and ¢thylchlorodibr 
b. p. 141—143°/768 mm., are the first organo-substituted silicon chlorobromides to be 
It has not proved possible to obtain the corresponding methyl compounds in a state of purity 
owing, it seems, to the proximities of the boiling points of the reactants and products. 

In the series of tetrahalides examined the effect of the accumulation of bromine in reducing 
the reactivity not only of the bromine atoms themselves, but also of the adjacent chlorine, may 
well be connected with the steric influence of the rather large bromine atoms. 


Preparation of Silicon Chlorobromides.—Each of these three from the 
reaction of silicon tetrabromide with theoretical tity of an trichloride /Schamb and 
Anderson, /. ’ occurred on heating the mixture, and 

helices. After re-fractionation of the product 


e itself obtained bromine silicon 
vapour over powdered sili ina 
Grignard on @ stale the 


of bromine replaced being higher the 

the alkyl group. From the reactions of t silicon chlorobromides with ethylmagnesium ; 

bromide ethyidichlorobromosilane and ethyichlorodibromosilane have been isolated. Chicro- 
Grignard reagents have shown that chlorotribromosilane resembles tetrabromosilane (silicon 

hte 
replaced from trichlorobromosilane and dichlorodibromosilane on their reaction with a series of 
Grignard reagents containing successively larger alkyl groups. It will be noticed from the 
following table that the larger the attacking group the higher the proportion of the larger halogen 
replaced. 
Reagent. MeMgBr. EtMgBr. Pr'MgBr. ButigCl. 
Halide {rom SiC1,Br, Cl, 60 “4 0 

These results, from experiments carried out on a small scale (001—002 g.-mol.) under _ 
comparable conditions, were again obtained by analysis of the precipitated magnesium halide. : 
No attempt was made to isolate the volatile products from this series of reactions. Whilst high 
reproducibility could not be expected, the compositions of magnesium halide from the small- 
scale and preparative experiments using ethylmagnesium bromide are in reasonable accord. 

EXPERIMENTAL. 

yields were about 

Silicon tetrabre 
tube heated to 

Reactions with 
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ty The reaction was carried out in an ice-cooled flask fitted 
funnel, stirrer, and reflux condenser. A solution of the Grignard reagent in ether was run 
aan with stirring, into the silicon chlorobromide diluted with 2—3 times its volume of ether With 
there was an ectiat tion of magnesium halide, but dichl la 
was ond oat only on heating the mixture under reflux. The 
magnesium halide was filtered off and extrac cthar’ ond the distilied to remove 
ether and separate alkylated products. 

In the reactions carried out on a small scale to establish the course of the substitution, equimolecular 
quantities of the reactants were heated under reflux until no more magnesium helide separated. The 
solution was then poured off, and the halide washed with hot ether and dissolve’ in water for anal 

Analyns —Chioride and bromide in admixture were determined by precipita.‘on as silver 
and a Mobr titration. In some inst ware by tention (in capanating tonne!) 
with freshly standardised chlorine water, the titration being continued until the colom of bromine just 
failed to « in successive small quantities of chloroform used as extractant. The silicon content of a 
determined by hydrolyse a platinum crucible containing water, followed by evaporation 

nition. 

In certain cases determination of the strong acid liberated on hydrolysis sufficed to identify a 


he Products from Trichlorobromosdane and Ethyimagnesium Bromide —-The Grignard 
(0-25 g.-mol.) was added to trichlorobromosilane — “- ~mol ), and stirring was continued for hal 
hour whilst the mixture warmed to room t halide was removed and the ether 
_ duatilled off. The residual liquid (about 30 ©) was decanted from @ further small precipitate of 
‘ magnesium halide, and carefully fractionated in an all-glass apparatus using the column mentioned above. 
The first distillation indicated the presence of in the vicinity of 80°, 100°, and 120° 
Three systematic redistillations yielded about | c ¢. of unreacted trichlorobromosilane m. 
5 ¢.c. of ethyltrichlorosilane (b. p. 99-102"), and 10 ¢.c. of ethyldichlorod: 
Part with incompletely resolved intermediate fractions (Found, fraction b. p. 4 
1 Cale. for EtsiCl,: Cl, 656%. Found, fraction b. p. 120-121": Cl, 33-9; Br, 
EtSiCl, Br requires Cl, 34-1 384, Si, 13-6%). 
Products from Dichlorodsbromossians and Ethyimag B de —-When equivalent quantities 
(0-4 ¢.-mol ) of the two reactants were mixed no reaction occurred in the cold, the Grignard reagent forming 
an oily lower layer. Magnesium halide separated during five hours’ heating of the mixture under reflux, 
after which the ucts were isolated as before There were obtained about | c.c. of unreacted dichloro- 
dibromosilane p. 106-107"), 14 of ethyldicht (b. p. 119-5-—122°), and 4 c.c. of 
hlorodibr omoslane p. (Pound, fraction b. p 122° 00141 equiv. of acid 
Cale. for EtSiCl, 0014. Found, 141-143": Cl, 13-8; Br, 61-4, Si, 11-39%, 
a “orf Br, 63-3; Si lhl It is suspected that the low figure for bromine in 
the analysis of the second ethyl compound may halen to slight further substitution of this halogen to 
give an impurity having similar volatility 
Attempted Methyiation of Chlovotribromosilane. —The chlorobromide was heated under reflux for 
several hours with an ethereal solution of methyimagnesium b , but ium halide did ~- 
separate and two liquid layers remained Next, the silicon halide and the solid Grignard reagen 
(®33 « -mol of each) were ted at 120° for 10 hours; the recovered liquid, distilling at 125-135" 13S" 
was essentially unreacted chiorotrib lane (Found: 00134 equiv. of acid per g. Cale. for 
06-0132, for MeSilir,, 0-0106; for MeSiClBr,, 60-0126). 


The authors thank Mr. J. Vaughan for helpful discussion. They are also indebted to the University 
of New Zealand for a research grant (to C. J. W.) towards the cost of chemicals. 
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35. The Reaction of Bromine Trifluoride with Oxides and Some 
Oxy-acid Salts. 
By H. J. and A. A. Wootr. 


The reaction of bromine trifluoride with twenty-eight oxides was studied. With CaO, 
GeO,, TIO, AsyO,, Sb,0,, and 1,0, ox) evolution was quanti- 
tative: in other cases a mixture of oxide and uoride resulted etaphosphates were con- 
verted quantitatively into hexafluorophosphates, bet orthophosphates gave a mixture of 
oe “phate and bromofluoride An ionic reaction mechanism involving the “ acid “ 

FP,” i postulated to explain the formation of h 
seeeabted orthophosphates. Potassium persulphate and pyrosul hate gave flu Iphonate 


whereas the pyrosulphite, thiosulphate, and sulphate gave equimolecular mixtures of fluoro- 
sulphonate and bromofluoride. Sodium dithionite and sulphite gave only bromofluoride. The 
relationship between the products and the anion structure is discussed. Oxygen was liberated 
quantitatively from iodates and bromates but incompletely from chlorates and carbonates. 


QUALITATIVE observations on the reaction between bromine trifluoride and oxides were made by 
Ruff and his co-workers (7. anorg. Chem. 1931, 202, 59; 1933, 214, 91). Oxygen was found to 
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be evolved, but a quantitative study of these reactions has shown that the reactivity of bromine 
trifluoride was over-emphasised, since for only twelve of the twenty-eight oxides exammed was 
oxygen evolution complete. The reaction could not, therefore, be generally applied for the 
determination of oxygen in oxides. Certain of the quantitative reactions may, however, be of 
service in determining the heats of formation of bromine trifluoride and iodine pentafluoride. 
Thus in the case of silica the reaction is: 3510, + 4BrF, ——> SSiIF, + 30, + 2Br,, all of the 
products being volatile. The same is true of arsenious oxide or the oxides of uranium. Similarly 
the reaction 61,0, + 20BrF, ——> 121F, + 150, + 10Br,, or the reaction with an iodate (see 
below) could be used in determining the heat of formation of iodine pentafluoride. The reaction 
of chlorine trifluoride with alkali-metal halides used by Schmitz and Schumacher (Z. Natwr- 
forsch., 1947, 24, 362) to determine the heat of formation of chlorine trifluoride would not be 
applicable with bromine trifluoride or iodine pentafluoride because of the formation of complexes 
(Sharpe and Emeléus, J., 1948, 2135). The criteria for ready reaction of an oxide with bromine 
trifluoride were that a volatile fluoride was produced, or that the fluoride formed was soluble in 
other cases, when attack was incomplete, the proportions of fluoride and unchanged oxide varied 
with the experimental conditions and had no special 

Salts of oxy-acids reacted readily with bromine trifluoride but the products depended on the 
nature of the anion. Potassium metaphosphate yielded the hexafl phate, in which the 
co-ordination number of phosphorus was increased from four to six, The mechanism was 
probably ionic, the anion being first converted into phosphorus pentafluoride, which reacted in 
bromine trifluoride solution as BrF,’PF,~. This would cab ar the acid BrF, SbF,” 
(Woolf and Emeléus, j., 1949, 2865) and could undergo the neutralisation reaction, 
BrF, + BrF,* PF, KPF, + 2BrF,. Indirect evidence for such a mechanism was pro- 
vided by the fact that bismuth orthophosphate was converted by bromine trifluoride into 
bismuth trifluoride with complete elimination of phosphorus and oxygen. This was due to the 
insolubility of the bismuth fluoride in the solvent which prevented an ionic reaction with the 
unstable intermediate BrF,*PF,~. The formation of hexafl hosphates by the reaction of 
metallic halides and a small excess of phosphorus pentachloride may be explained in the same 
way. The dry reaction between excess of potassium or sodium fluoride and phosphorus penta- 
chloride which produces hexafluorophosphates in much lower yields (Lange, Ber., 1932, 65, 1253) 
probably follows an essentially different course. Orthophosphates of metals which form bromo- 


fluorides also yielded hexafi phosphates, but the product contained unchanged bromo- 
fluoride. Sodium orthophosphate, for example, gave two molecular proportions of sodium 
bromofluoride and one of sodium hexafi hate. Sodium bromofluoride is relatively 


unstable and the analytical results showed a deficit of bromine trifluoride in the product. These 
reactions can also occur by an ionic mechanism, the products depending on the cation : phos- 
phorus ratio. Pyrophosphates of univalent cations, for example, should give equimolecular 
proportions of bromofluorides and fluorophosphates. Silver orthoarsenate gave a similar result 
to sodium orthophosphate, the arsenic appearing in the product as silver hexafl with 
two molecular proportions of the stable silver bromofluoride. 

Salts of the sulphur oxy-acids reacted with bromine trifluoride in a way which was related 
directly to the anion structure. Potassium persulphate and pyrosulphate gave potassium 
fluorosulphonate, whereas potassium pyrosulphite, thiosulphate, and sulphate all gave 
equimolecular mixtures of the fluorosulphonate and potassium bromofluoride. The structures 
of these anions are known and in the case of both persulphate and pyrosulphate two SO bonds 
are broken, oxygen in excess of that required to produce the SO,F ion being eliminated. The 
oxygen evolution was not studied quantitatively, but it is unlikely that fluorine or bromine 
oxides were formed. In the bivalent pyrosulphite, thiosulphate, and sulphate ions the struc- 
tures allow only one SO,F ion to be formed and consequently one of the univalent cations was 
converted into the bromofluoride. The four-fold co-ordination round sulphur is retained because 
in an anion formed with oxygen or fluorine spatial considerations prevent a higher value being 
attained (Pauling, J. Amer. Chem. Soc., 1933, 55, 1896; 1927, 49, 765). It is interesting that 
the pyramidal sulphite ion in sodium sulphite formed sodium bromofluoride and not sodium 
fluorosulphonate. Sodium dithionite also gave sodium bromofluoride as the only product. This 
evidence excludes the structure [(0,S-S->O}*- proposed by Deines and Elstner (Z. anorg. 
Chem., 1930, 191, 340), since this would have given fluorosulphonate. It does not however 
distinguish between the structures [0,S-SO,)*- and (0,S-O-S>O}*, either of which could 
give bromofluoride. 


for the transparent silic 
Tube A contained the bromine trifluoride and, with the flask C, paw 
of oxide (or salt), Spiny SE its to the dropping-tube B. Traps D and E 


was 

traces of volatile impurities in the bromine trifluoride distilled into D) Taps T, and T, were 

1 and a known volume of pure nitrogen (ce. 26—30 c.c.) was passed into the reaction system from 
calibrated Ter this corved to prevent rapid distillation of bromine trifuocide 

: vel between G and H was observed, C was cooled in liquid air, 

its contenta. The vessel C was warmed to initiate reaction, and further additions of bromine trifluoride 
wets made inthe mune way” the completion of feacton by the manometer ove Some 
reactions occurred at room te od heat, after 
contact of with the silicone grenee used 


The oxygen-nitrogen mixture was drawn off with excess of bromine 
trifluoride dustilling from C to D during the The residue in C was weighed, and the equivalent 
oa <6 of the reaction product was thereby om 

of Bromine Tre vita Onides.—The from uantitative en evolution 
oun were: Caf, et U the case of 
CuO, the product was CuF, mad BE, TIF SiF,. GeF,, and TiF, 
tively 1% and were AsF, and SbliirF,. Seth, and. uo, “gave SeF, 

UF, while 1,0, was converted into IF, 

MgO, 700, CaO, ALO, CoO, PbO, PbO,, ZrO, nO,, Fe,O, The product 
was a mixture of metal fluorude and was converted into and and i into 

Reachon of Bromine Trifluoride with Phos and Arsenates- 
by heating Analak potassium dihydrogen phosphate at 600° (Found : KPO, Rit, 

alc.: 0-968) About 0-7 ¢. was refluxed with 10 ¢.c. of bromine trifluoride without dissolution occurnit 
The solid resichue after removal of excess of reagent was soluble in cold water and gave no precipitate wi 
nitrate, bromele and phosphate were thus absent. ion was 
the nitron salt (Lange, 1928, 30, 790) (Pound equiv., 182. Cale. for KPF,: 
184 Found, for the nitron salt: C, ty 40 12-1. Cale for C,H, .N, HPF, : 
4, H, 12-29%) For preparation of larger quantities of potassium by 
this method, 6 ¢ of salt were obtained conveniently from 10 cc. of ge Sodi phate 
reacted sims yielding the hexafiu hosphate (Found: PF,, 856%; equiv., 165. "Cale. for 
862%; equiv., 166 Found, for the uitron salt c, $23; H, 3-7; N, i2-0%). 
Anhydrous sodium orthophosphate, made from AnalaR disodium hydrogen phosphate and excess of 
sxtium hydroxide and dred at 400°, was insoluble in boiling bromine trifluoride. On evaporation of the 
latter in a vaceum, the residue was a mixture of sodium fluorophosphate and impure sodium bromo- 
fluoride ina}: 2 molecular ratio The product was decomposed with dilute nitric and sulphurows acids 
in a stoppered bottle, and the bromine precipitated as silver bromide. Fluorophosphate was determined 
as the nitron salt, after the aqueous solution had been boiled with dilute acetic acid to remove hydro- 
bromic acid formed in the de« omposition. It was shown that nitron acetate gave no ae, with 
™ 6-potassium bromate The comparative stability of hexafluorophosphate to by dilute 
sorliam carbonate solution enabled the fluorine present as bromofiuoride to be 
after hydrolysis of the mixture with this reagent (F< ane Na, 140; Br, 29-9; 30-5; F (as Th 
316. Cale. for NaPF, + Na, 13-9; Br, 293; PF, 201; vine 


high value found for fluorine is due to partial decomposition of the b 
experiment § 2%, of the total fluorine in KPF, was hydrotised 


Hiemuth orthophosphate, prepared by double decomposition of dilute nitric acid solutions of bismuth 
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EXPERIMENTAL. 

Bromine triftuoride prepared purified as already described and Emeléus, /. 1 
2135). The oxides end cathe used of The ate 
eaporiments were done in the apparatus shown in the hgure, whic), was constructed of Pyrex glass except 

were 
o% 
To Vacuum 
D 
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nitrate and sodium was determina wth 

sodium carbonate, extraction of sodium fluoride 

(Found : F, 21-7%; equiv., 263. Cale. for BiF, : 
collected and measured, and 


"Reaction wth e 
Reaction with excess bromine trifworide gave a clear solution from which 
precipitate 


AR, ; equiv., 
B Metallic and Ph Penutachionde —\n preliminary 
more 
eaction of Bromine Tri w Ory-acids —The reaction potassium 
ition with alkali for the fluorine determination. Fluorine 
for co-precipitated calcium oom. The sulphate formed on acid hydrolysis was 
barium chloride, and flucrosu salt (Traube, “Bee 
‘ound: S, 23-3; F, 12-7; oF, 727%; 279. Calc. for S, 234; 
1-7%; uiv., 276). The nitron salt was also analysed (Found : i, #1; 
for conversion into sulphate and for fluorosulphonate as above F K 
SO,F : K, 283; SO,F, 71-7%. pe for the nitron salt: C, 58-2; H, 44; 
phona 


$80 — o act wit razine te, decomposi- 
ydrochlori acid pea at 100° for 24 hoars to remove 
23-6: 3240; S, equiv, 334. Cale. for 
phate w SOM 08-7. Cale. for 889%). 
te was at 4 use (Fow 
lar mixture of 
S, 11-2; FP, as BrF,, 22-44%; equiv. 
; 333). The bromo- 
m n 

Iphat Br, 24-1%; 

17-4; 'S, 72%; equiv., 68%: 


dithionite on sions ohana ve sodium bromofluoride as the on! 
product (Found: Na, 13-0; Br, 44-1; F, 40-6. Calc. for Na as Na, 12-9; Br, 44-7; F, 42- 
material used was only 85% pure with dithionite ion The latter 
reduction of ammoniacal ro nitrate to 
304%). the high valsobeing bably due 

) pro! y to i 
being used as a salting-out agent in manufacture. All of the sodium in the impure dithionite was con- 
verted into bromofluoride (Found : 408. ration with bromine the prod equiv., 401), 


Sodium sulphite also gave the on reaction with bromine the 
teem Na, 13-7; Be, 44-1. Cle. Na, 13-5; Br, 
ats by X-Ray Powder Photography of the Reaction Pr 
Cas aides te aries and 
the filament current and voltage of the X-ray tu’ 
films were y . It was found that the lines obtained from 
sulphate, pyromlphits, and sulphate 
te, pyrosulphite, sulphate 
fluoride from 


iedate gave an 


238). 
1. 
removal of excess 


. ver or nate 
for Ag, AsO,: Ag, 
excess of reagent was ¢ 
thon with sulphurous acid in a stoppered bottle. Fluorosulphonate was determined as the nitron salt by 
high res 
barium s 
tion of t 
h er 
Pota 
Cake. for 
fluoride 
fluorosul 
for KSO 
ographs trom Group 5, were absent in rom Group A. 
es obtained from sodium carbonate and dithionite gave identical photographs. 
Reaction of Bromine Trifluoride with H. .—-With potassium iodate the oxygen evolution was 
97 and of theory in duplicate ments. The solid was bromofluoride 
(Pound: K, 20-7; Br, 40-4; F, 38-29%; 197. Cale. for KBrF,: K, 200; Br, 410; F, 39-0%; 
equiv., 195). Mercurous iodate, prepared by double decompoation of putaniam iodate and mercurous 
nitrate in dilute nitric acid solution and dried at 120°, gave 100% oxygen evolution. The solid product 
; equiv.,234. Calk. for Hg, 84-0; F, 
lution of ie” The white residue of thallic 
for TIF,: Ti, 76-3; F, 21-68%; equiv., 261) left on 
brown in moist air and was decomposed by water to 
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thallic hydroxide; when driec' at 120° it gave the trioxide (Found: Ti, 884. Cale for TI,O,: 805%). 
This confirms the observation of Hannebohn and Klemm (Z. enorg. Chem., 1936, 229, 337) who prepared 
thallic fleorkie by the action of fluonnme on the oxide. 

Hromine trifluoride liberated oxygen quantitatively from manganese jiodate The pe es was a 
At jon was MoF, 37; MaF,, BrF,, 5 Lead iodate gave a mixture of 

free from other halid @ in successive 

gg A ixdate similarly lost all its poe and gave a mixture of 64% of CoF, and 36 
In the reaction with potassium bromate the evolution of ox was measured measured and found to be 
For potassium chlorate, however. only one third was evolved as such. The solid residue in 
each case was ium bromofiuoride and it is possible that the chlorate yielded chlorine dioxide or 
even chlorine dioxyfluoride (Schmitz and Schumacher, Z. = Chem, 194 248, 238). The reaction 
between bromine triftuorde and carbonates appears from preh unents to be similar, since 
only one-third of the oxygen was liberated as molecular Soa The . The soled id products from lithium and 
on carbonate were t-insoluble fluorides contaminated with a trace of solvent ( ee ap Li, 
equiv, 50-9. Cale. 2LiF Li, 23-3%; equiv., 50-9) (Feand: Br, #1; 74-2. 
(Found: Br, 43-1; %; equiv. 175. Cale. for NaBrF,: Br, 44-7; F, 42-4%; 

equiv. 


A. W ) is indebted to the Department of Scientific and Industrial Research for 
Maimtenance Grant 
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36. Afzelin (Kampferol-3-rhamnoside), a New Glycoside isolated 
from Doussié. 


By F. E. Kono and R. M, Acneson, 


constituent of anes ones} of doussié, a timber 


Tue conversion of a log of doussié, the timber of various species of Afzelia, revealed a “ shake ” 
filled with a pale brownish-yellow powder. Part of the log including the shake was submitted 
to the Director of the Forest Products Research Laboratory, Department of Scientific and 
Industrial Research, and we are indebted to Mr. W. G. Campbell of that Laboratory for a 
supply of the substance and for the following note on its occurrence. “ Type specimens of the 
wood of Afzelia spp. commonly show a yellow deposit in some of the pores. The large deposit 
in the specimen under consideration probably arose as a result of the evaporation of water from 
tree sap which had oozed into a large fissure or “shake.” Shakes are caused by various 
agencies such as, for example, internal stresses in the standing trees, damage by lightning or 
by impact with other trees during felling operations.” 

No clue as to the composition of the powder was to be found in the literature, which is 
without reference to any chemical investigation of the Afrelia genus, but from its solubility in 
water and the formation of a voluminous micro-crystalline precipitate on heating with aqueous 
acid, the presence of a glycoside was inferred. Further investigation revealed that apart from 
small quantities of two unidentified substances, the principal constituent is the formerly 
unknown hampferol-3-rhamnoside, for which we propose the name afrelin. 

Several kempferol glycosides have been described which afford rhamnose on hydrolysis 
(see “ The Chemistry of Natural Colouring Matters,’ Mayer-Cook, 1943, pp, 182, 183). One 
of these, robinin, is of interest in that on enzymic hydrolysis (Zempien and Bognar, Ber., 1941, 
74, 1783), kampferol-7-rhamnoside is obtained, apparently the only kaempferol monorhamnoside 

hitherto definitely characterised. Of the others, in only three, eiz., kempferitrin, lespedin, 
and an unnamed compound found in the flowers of Australian acacia species by Petrie (Biochem. 
J., 1924, 18, 957), is rhamnose the sole glycosidic component. Although the nature of its 
hydrolysis products was clearly established, little more is known of the acacia colouring matter 
and nothing appears to have been done to characterise the glycoside or determine its 
composition. Lespedin, on the other hand, has been fully identified, and its constitution was 
shown by the usual chemical methods to be kempferol-3: 7-dirhamnoside (Hattori and 
Hasegawa, Proc, Imp. Acad, Japan, 1940, 16, 9; Hasegawa, Acta Phytochim., 1940, 11, 299). 
Kampfentrin, the yeilow pigment of Indigofera arrecta, also gives two molecules of rhamnose 
when hydrolysed (A. G, Perkin, J., 1907, 91, 435), but there is no chemical evidence to show the 


latter was later shown by Attree and A. G. Perkin (/., 1927, 234) to be quercetin-3-rutinoside, 
weakens any conclusions which may be drawn from these measurements. 

Of the crude material collected from the afzelia “ shake " some 20 g. were available for 
investigation. Hydrolysis of a portion with 2% sulphuric acid precipitated an aglycone which 
was undoubtedly kempferol (5: 7 : 4’-trihydroxyflavonol), but a persistent impurity depressed 
its m. p. to 273-275”. The glycoside was therefore dissolved i and 


purified glycoside liberated kempferol, m. p. 279°, identical with an 
authentic specimen of the flavonol kindly provided by Professor W. Bradley, Leeds University. 
From the filtrate neutralised with barium carbonate, phenylhydrazine acetate precipitated an 
osazone shown by direct comparison to be t-rhamnose osazone, m. p, 180-—181°, 

The position of the sugar residue was determined by methylation with excess of diazomethane 
and acid hydrolysis of the glassy product, whereby a crystalline O-trimethylkempferol was 
obtained having the properties of 5: 7: 4’-trimethoxyflavonol previously synthesised by 
Kostanecki, Lampe, and Tambor (Ber., 1904, 37, 2008). A determination of the ultra-violet 
absorption of the glycoside in methanol gave 2650, 3450 a.; 2810 log 4°39, 
4°12, and log ¢,4.. 4°08, respectively, in fairly close agreement with A),,,, 2675, 3700 a., and 
log Emax, 4°12, 4°28, for kempferol (Skarzynski, Biochem. Z., 1939, 301, 150). In its lack of @ 
maximum at 3100 a. characteristic of kampferol and of flavonols in general unsubstituted in 
the 3-position (see Skarzynski, Joc. cst.), afzelin thus conforms to Tasaki’s classification. 


water a colourless crystalline 
it has a tetrahydroxydihydrofla 


full identification. The third substance encountered has not been obtained in a homogeneous 
condition. 
EXPERIMENTAL, 
Isolation of Afzelin.— i fp pentony eons 8-6 «.) from the afzelin shake was dissolved in warm 
aqueous por cc. A aera tro 
was treated with aqueous. lead 
place (the use of basic lead acetate caused 


On cooling . deposited fod 0 vary 
proved to be a new compound C,, .). When this had been removed, a further ition 
of afzelin (0-62 g.) occurred gradually at 0 precipitate was collected, and the filtrate, 
150 c.c., was heated to boiling with prod anda 
further quantity (0-85 g.) crystallised at room tempera Cooling ys coy hg 
solid (2-4 = 
m. p. 208—212° (sintering at 150°); unlike ther two products isolated, it gave in ethanol 
a yellow ferric reaction. This impure product was not further examined 
"The 1) as a hydrate 
174° ( ) (Found: C, 54-7, 55-1; H, 5-3, 
roquises 
groups. It dissolved readily in alcohols ond Selection with 
in alcoholic hydrochloric acid gave a red colour identical with that obtained from kam 
same conditions. Treatment with concentrated sulphuric acid changed the colour of t 


produced only an opalescence 
Hydrolysis of Afeelin.—The anhydrous glycoside (0-2002 ¢) dissolved casily in 
ee es oe When the solution was refluxed for | hour a yellow precipitate 
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position of the sugar residves. On the supposition that those flavonol glycosides which differ 
appreciably in their ultra-violet absorption from the corresponding aglycones are 3-glycosides, 
Tasaki (Acta Phytochim., 1925, 2, 119, 129) has classified kempferitrin as a 3-bioside, but it is 
evident that the argument cannot be exclusive of a 3 : s-dimonoside structure. Moreover, the 
close resemblance observed by Tasaki between the spectra of quercetin and rutin, of which the 
solution was evaporated, and the residue subjected to fractional crystallisation from water. 
The principal fraction consisted of the yellow crystalline afzelin, having the ferric chioride 
reaction and strong blue-green fluorescence in sulphuric acid characteristic of kampferol. 
From the solution obtained by extract:ng crude afzelin with a limited quantity of boiling : 
, CysH,,0,, was isolated. Its properties suggest that 
vone structure, but the amount available did not admit of its 
residual lead, after which the solution was evaporated under seduced pecnnere to 150 cc. A yellow 
— (A) (1-95 m. p. 155-—160°, was formed after 24 hours at 0°. The filtrate from this was 
rther concentrated (to 80 ml.) and when left at 0° for several days gave a second yellow precipitate (B) 
4 ), m 158—165°. Little material remained in the solution, which was then discarded 
lead acetate 
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61324 g. (906% calculated on the basis of one rhamnose unit 
per molecule). It separated 279°, alone or mixed with an 


authentic (Found, after drying at 110" vacuum Cc, 62-7; H, 
38. Cale. for 

and neutralised with barium carbamate. After removal of the i sulphate the liquid was 
evaporated, giving a brownish gum (0-0833 ¢), which was disso! in hot water (8 cc.). A test 
the solution reduced hot, but not Fehling's solution. Aqueous ihydrazine acetate 
4c. of a mixture con 10 cc. _—s and 10 c.c. of acetic acid dilated to 25 ml. with 


water) was added, and after jo minute at K & precipitate formed ( ired for the formation of 
osazone, 0 minutes}. One hour later the mixture was cooled, the osazone collected. Its 

form was identical with that of a smilarly prepared from ‘-rhampose, and after 

had m. p. and P 180-181" to a deep ied liquid (Pound: C, 

‘3: H.65. Cale. for C,,H,O.N,: C, 63-1 %). 

A feelin “The glycoside (0-9 5.) in methanol solution (20 mi ) was repeatedly treated 
with et until the solution no longer gave a green colour alcoholic 
crystallise; it was therefore hydrolysed by boiling for 2 hours with 2% sulphuric acid (35 c.c.). Next 
day, the precipitate was collected, and after 3 oe sg from aqueous ethanol it formed pale 
yellow needles, m. p. 151" (Pound C, 62-6; H, 5- C, 62-4; H,5-2. Found, 
after drying at 135° in a vacuum C, 65-4; toon Tale hor wH,.O,: ©, 65-85; H, 4-9: 
loss, 52%). The compound was Tambo yor m. p. 151-—152", 

(doc ), and gave identical reactions with dilute sodiura 


The pale solid (0-4 g.) obtained in the course of puri afzeha 

« water (33 ¢.c.) and on cooling crystallised in colourless les. After 
two further cr) em it melted at 225--227° to a deep-red liquid, after becoming yellow at 200° 
(Pound: C, 55-6, 55-1; H, 5-0, 5-0 55-6; Found, 
110” in 622, 627; H, 43, 4-6" 


inflection at co. 32704). Iteont i groups. very in and the 
solution gave a dull red ferric st ag The mere was stable to boiling 2% adv 2% aqueous sulphuric acid. 
It dissolved in the cold concentrated acid to a yellow solution devoid of fluorescence even under ultra- 
violet light. The colour was discharged by a trace of concentrated nitric acid; on heating it became 
red and finally darkened from charring. The compound reacted immediately with bromine in acetic 
acid, and dissolved in aqueous sodium hydrogen carbonate (3% agunbielrempems Addition 
of sodium hydroxile deepened the colour, and the addition of acid ted the co; d 

It slowly reacted with alcoholic 2. 4-dinitrophenylhydrazine to give j a crystalline itate ; reduction 
with magnesium in ethanolic hydrochloric acid gave a pink colour, lighter than pet milarly obtained 
from kempferol or afzelin. A derivative separating from ethanol in colourless needles, m. p. 160—164°, 
was obtained by the action of boiling acetic anhydride and pyridine, but the amount was too small for 
perification. 


The authors thank the Medical Research Council for the award (to R. M.A.) of a personal grant. 
Unrversrry, Norrmonam. (Received, October 3rd, 1949.) 


37. Fluorescent Reagents. Acyl Chlorides and Acyl Hydrazides. 
By Witsow Baker, C. N. Haxsar, and J. F. W. McOmre. 


The a describes some fluorescent acyl chlorides and hydrazides derived from coumarin- 
carboxylic acids, and a number of their derivatives formed by reaction with alcohols, ne, 
and carbonyl oe The fluorescence of these derivatives is designed to aid their 
carboxylic wide (1), a thydrazide (11). 


tn-4 


Iw a recent paper (J., 1949, S 12) Baker, Collis, and Banks described some acid chlorides derived 
from 7-hydroxycoumarin (umbelliferone), These were prepared as fluorescent acylating agents 
for hydroxy- and amino-compounds, the separation and identification of which by chromato- 
graphic methods might thereby be facilitated. The most promising of these acyl chlorides was 
7-methoxycoumarin-3-carboxylic chloride (I); the related esters and amides exhibit strong 
blue fluorescence in solution or when adsorbed on alumina, tyt the preparation of the reagent 
required the not very readily accessible 2-hydroxy-4-methoxybenzaldehyde. The present paper 
deals with other fluorescent reagents; no acid chloride superior to (I) has been found, but 


T-methoryc in-4-acethydracide (11) is an excellent reagent for carbonyl compounds, and is 
very easily prepared. 
Derwatiwes of Salicyle Acd.—o-Anisoy! chloride gives weakly fluorescent esters and amides. 


= 
| 
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o-Hydroxybenz- and o-anis-hydrazide readily yield with a variety of aldehydes and ketones 
crystalline condensation products which show a rather weak blue fluorescence in ultra-violet 


+ CH,(CO-NH-NH,), 


light. Acetaldehyde and propaldehyde gave resinous products only. o-Hydroxybenzoylazide 

(Bondi, Z. physiol. Chem., 1907, 52, 172) is unstable, but reacts with amino-acids to give their 

acyl derivatives (Bondi, loc. cit.), which are also fluorescent. Derivatives of nitrosalicylic acids 
fluorescent. 


Derivatives of C in-3-carboxylic Acid (111; R =— H).—This acid, its chloride, esters, 
intense than that shown by 7-methoxycoumarin-3-carboxylic acid and derivatives. 

Unsuccessful attempts have been made to prepare coumarin-3-carboxyhydrazide. Methyl 
and ethyl coumarin-3-carboxylates (III; R = Me or Et) fail to react with aqueous-alcoholic 


av) 


coumarin-3-carboxy! 
with aqueous ammonia, it did not give the hydrazide on treatment with the much stronger base 
hydrate; the only product isolated from the viscous reaction mass was 
ideneazine. 


Derivatives of 7-Methoxy-4-methylcoumarin-3-carborylic Acid.—In attempting to prepare the 
chloride of this acid by the action of thionyl! chloride, Baker, Collis, and Banks (/., 1949, S 12) 
obtained only 7-methoxy-4-chloromethylcoumarin-3-carboxy! chloride, m. p. 198-—200°, 
Repetition of this experiment has, however, now yielded the expected 7-methoxy-4-methyl- 
coumarin-3-carboxyl chloride, which is rather unstable and melts at 04—95°; it was identified 
by conversion into the known, related methyl! and ethyl esters, The original formation of the 
chloro-acid chloride was probably due to impurity in the thiony! chloride. Thus it has now 
been found that 7-methoxy-4-methylcoumarin-3-carboxylic acid is converted into the chloro-acid 
chloride by reaction with sulphury! chloride in presence of a trace of benzoyl peroxide as catalyst 
(see Kharasch and Brown, ]. Amer. Chem. Soc., 1939, 61, 2142). 

7-methoxy-4-methylcoumarin-3-carboxyhydrazide, and this reagent gives strongly fluorescent 
derivatives with carbonyl! compounds. 

Derivatives of 7-H ydroxycoumarin-4-acetic A cid.—This acid was originally prepared by Burton 
(Annalen, 1891, 261, 167) by condensing resorcinol with acetonedicarboxylic acid in presence 
of concentrated sulphuric acid, and later the procedure was simplified by Dey and Row (J. ’ 
Indian Chem. Soc., 1924, 1, 112) who condensed resorcinol directly with citric acid in presence 5 
of sulphuric acid. A careful study of this reaction with particular attention to temperature " 
control has raised the yield of 7-hydroxycoumarin-4-acetic acid to 80%. This acid and all 
derivatives are intensely fluorescent, even in daylight. Methyl 7-hydroxycoumarin-4-acelate 
proved very stable towards hydrazine hydrate, and the related hydrazide was not obtained. 

Methylation of 7-hydroxycoumarin-4-acetic acid with methyl sulphate and alkali gave 
7-methoxycoumarin-4-acetic acid. Resinous material only was obtained in attempts to prepare 
7-methoxycoumarin-4-acety! chloride, a result doubtless due to the highly reactive nature of 
the methylene group. The methyl ester was prepared by direct esterification, and yielded 

(In) with a variety of carbonyl 
acylhydrazones. 


compounds gave the corresponding highly fluorescent 


with disc chromatograms of alumina have shown the possibility of separating 
mixtures of the fluorescent esters and hydrazones described. 


o-hydroxybenzylideneazine (salazine) (IV) and malonhydrazide (V). This reaction formally 
involves the breakdown of the a-pyrone ring, under the influence of the strongly basic hydrazine, 
into the components from which it was formed, namely salicylaldehyde and a derivative of 
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EXPERIMENTAL. 

pr. Chem, 1895, 62, ; see also Z. physiol. Chem, 
of pure hydrazine hydrate; it separated from ethyl alcohol in 
oy by addition of the carbonyl compound (1 mol.) to o-bydroxy- 
them from alcohol bensytidene derivative, sendles, mp found HO,N,: 
N, 117%) (Struwe and derivative, m. p. 


“e fine 
(Found: C, 62-7; HM, 62; ere requires C, 625; H, 63; 146 

4; H, #2: N, fine, 212° 
HL C H,,O,N, requires C, 70-9; H, 5-5; N When adeorbed 

alcoholic solution on to alumina these derivatives all exhibited a blue fluorescence in ultra-violet 
dight seer yey and hyde did not yield solid derivatives under the above conditions. 

of Acid.—-Nitration of methyl! salicylate by the method of 
Pianka (/., 1946, 065) gave not only methyl 5-nitrosalicylate, m. p. but also 
methy! late, m. p. 132° (25%), from methyl! alcohol, separated vantage of its 
ow ity in ether, Methy ~nitrosalicylate (1 g.), (Dh was shaken 

crystallised from methyl! alc The Aydraside formed yellow needles, m. p. 154° (decomp.) (Found - 
©, 424; HL 40; N, 184. »CHyOH requires C, 41-9; H, 4-8; N, 183 

Anmishydrande and Derwatives.—-Methy! o-anisate (30 g.. 1 mol.) (Sachs Harold, 1907 
40, 2718) and 0% hydrazine hydrate (26 ¢ c., 1-5 mols.) were refluxed for 2} hours and then cooled, and 
the solid was ted after some hours, washed with ether, and c ox 
o-anishydraride (18 ¢ 60%) as fine needles, m. p. 85" (Found: C, 58-0; H, 5-9; N, 17-2 CAH 
requires C, 57-46; H, 6-0; N, 16-90%). The following derivatives were prepared by warming the reactants 
in alcoholic solution, com ing the separation of solid by addition of water, and crystallising the 

ucts from dilute ethyl alcohol bensylidene derivative, needles, m. 176° (Found 

710; requires C, 70-9; H. 5-5; N, 11-0%); isopropylidene derivative, 
needles, m 218° (Pound c * N, requires * 6%) These compounds, when adsorbed 
fluorescence in ultra-violet Crystalline derivatives were not 
obtained trom and acetaldehyde or 

Derwatives of Coumarin-3-carborylic Acid.—-The acid chloride was Se coumarnin-3- 
carboxylic acid (2 g.; Knoevenagel, Ber, 1898, $], 2618) with thiony chloride (15 ¢.c.) for 1 hour, 
cooling it, adding light oleum (50 ¢c.c.; b 40-60"), collecting the solid, and lising it from 
benzene, it formed Jes (1-7 ¢), m. p. 147° (Boehm, Schumann, and Hansen, Arch. Pharm, 1933, 271, 
400, record m 147-—148"). It was converted into the following derivatives which have et ey 

red in ot ways: amide, needles from alcohol, m 274° (decomp.) (Found: C, 63-4; H, Uf 
2. Cale. for C,H,O.N: C, 63-5; H, 37; N, m4 (D.R.-P. 172,724 gives m. p. 268 
Bochert, pr. Chem” 1914, 60, 27, gives mp. 236°); yl ester, m. p. 116° (lit., 
which was also prepared by direct ar ew of the acid (10 g.) in presence of hydrogen chloride 
borat, ethyl ester, m. p. 94" (lit., 94°); »-propyl ester, m. p. 75° (Found : C, 67-1; H, 52. Cale, 
C, 67-2; H, 52%) (lit, m. CRT m. p. 89°); anilide, 
4 


ed in benzene solution (Found 22; H, 42; N, for OWN: C, 
H+ 5-3%,) (lit.. m. p. 250"); m. p. 154° (lit., 154"); les (from 
168" (Found € 101; 50. Cale orC,,H < N, 5-45%) 

tes from 


(von Werder, Merck's 1935 6, 9s, ery 168— 170 Sus 

ethy! acetate in fine, greenish-yellow needles, m. (Pound: C, 730; H, 47; N,S1. CyHyON 
requires C, 73-1; H, #7; N, 50%). The morp ids water im ine m. p. 92° 
(Found: C, 6@-7; H. 50; N. C\HyO,N requires C, 66-0; H, 5-4, N, 5-4%). 

Reaction of Hydrarime with Methyl and reaction occurred between 
alcoholic solutions of the esters and 60% aqueous hydrazine hydrate in the cold. The ester (2 g.) in 
alcohol (10 ¢.c.) was boiled under reflux for § hour with 60% hydrazine hydrate (2 c.c.), and after cooling, 
the mixture of yellow and colourless solids was collected, washed, and the former separated by solution 
in hot ethyl acetate. This ow —- e-hydroxybenzylideneazine, ted from ethyl acetate 
im needles, m. p. and mixed m authentic cimen (Borsche, Ber, 668) 215° (Found : 
C, HL N C Cyl 700; H, 50; N, and gave a dibenzoy! 
derivative, m. p. 180° (lit., 188-189"), The colourless compound after tion from alcohol had 
m. p.. and mixed m with an authentic specimen of malonhydrazide ( aon Schofer, and Schwan, 
J. pr. Chom., 1895, st 187), 142°. it further gave a dibenzvlidene derivative, m. tes (lit., 226°). 

o- Hydroaybenzy lxteneazine was also obtained as the only readily isolable product by the action of 
60% hydrazine hydrate coumarin-3~<arboxylic chloride m various solvents. 

Action of (a) (b) Sudphuryl Chlorides om Acid — 
(a) The carboxylic (1g. Baker, Collis, and Banks, Joc. cit.) was boiled under reflux for 1 hour with 
thionyl! chloride (10 ¢.c.), excess of light petroleum (b 40-60") added, and the solid collected. A 
further precipitation from benzene by the addition of fgnt petroleum gave the acid chloride as pale 
yellow needles, m P 94-05", which rises on keeping the crystals even in a vacuum (after 24 hours the 
m. p. was 110-113": after 48 hours, 180-182"). Owing to this instability the chloride was not analysed, 


bat was identified by conversion into the methyl and ethyl esters, m. p.s and mixed m. p.s with authentic 
specimens, 128° and 57°, respectively. 


(6) The acid (0-5 g) was treated with sulphury! chloride (5 and a trace of 
After the vigorous reaction was over the mixture was boiled under reflux for | hour, and and the 
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dried in a vacuum over This 7-methoxy 
chloride bad p. 198 "was shown to be ndentical withthe material m m. p. 198-200", 


prepared by Baker, Collis, and Banks; reaction with ethy! alcohol gave ethyl T-methoxy 
coumarin- ‘ylate, m. p. 117° (lit., 117—119"). 

and Derivatives.—-Methy! ~4-methy!- 
coumarin- (2-5 g.; Coli and meth 
was treated with aqueous hydrazine do merge c.c., 2 mols. sobd 
The (eld formed ple ellrw (Found C, 58-4; H, 50; N, 11-0. 
CygH,,O,N, requires C, 56-1; H, 48 11-3%). The f derivatives were prepared by warming 
the reactants in alcoholic solution bensyiidene, colourless . 250° (Found 
Cc, 67-5, H, 48; N, C,,H,,O,N, requires C, oe: H, #8; separated 
after heating for I hour and collected after fter addition of water), prismatic needles, m. p. 237°, from dilute 
aleohol (Found: N, 08. C,,H,,O,N, requires N, 07 

ee 4-acetic A teid.— —Finely citric acid (100 .) and concentrated sulphuric 


ydrosycoumarin- 
acid (135 cc.) were gently shalen for hour, then heated to 70° and maintained at this 
temperature for } hour; the evolution o' carbon monomde then abated. After the mixture had been 
cooled to room temperature (} hour) and then in a freezing mixture to about - 5°, resorcinol (45 g., 
concentrated sulphunc (58 c.c.) was similarly added ( 
and next day poured into ice-water (21). The — 2 almost 7 
fare acid Crystalliention trom thy ve 
re acid as needles, m. p. 210°. The methyl ester the Fischer 
“crystallised from iethy alcohol in Sine needes, 230° (Found C, 611; H, #1. 
A 


of ester in unstated from 7- 
te, and concentra’ kali) i monomethy! 
xylic acid. 7-Hydroxycoumarin-4-acetic acid (30 g.) a dissolved in a solution of sodium 
hydroside (28 5 mols.) in water (280 c.c.), and methy! sul 2 146 
stirring (4 hour). The mixture was heated on the water- th 1} hours and then cooled, sodium 
(total volume ca. 11.). The 7-methoxycoumarin-4-acetic acid was collected after 2 hours, washed, and 
recrystallised from alcohol, giving thin prisms (18 57%), m. p. 186° (lit., 187"). The methyl! ester, 
metho had had m. p. 122° (lit., 122"). Unsuccessful attempts 
chlonde under 


7-Meth thydrazide.—To the methyl ester (5 g.), dissolved in methyl 
alcohol (110 cc}, waa added aqueous hydrazine Se 
separated was collected after 4 hours, w: with dilute methyl alcohol, and crystallised from met 


ethyl alcohol, giving — . 206° (Found C, 6&1; H, 50; N, 
) ires C, 58-1 48; q substance yellowish 
i a bi hen é S°. The yield of hydrazide was diminished when the 


from dilute alcohol}, m "62.3; H, 55: requires C, 62-5; 5-8; 
plates 194° (Found ft, N, 10-0. C,,H,,0,N, 
48, N, 110. requires C, 60-0; is: N ). 
were also from: ac small prisms, ‘m p. 215° (Found: C, 68-3; H, 5-1; N, 7-9. 
requires C, 68-6; H, 5-1; N, 8-0%) ; meth fine needles (from dilute alcohol), 
m. 


=p Found 63-4: H. 5-9: C,H wires C, 63.6; H 60; N, 99%): 

( under reflux for } hour). prisms (from (Found : 663: H, 46: 

N, 85. Cull requires 566; 44; (1 3-diketo-6-meth 
(boiled 


cyclohexane nder reflu for hour), taint! low nee 


Analyses are by Drs. Weiler and Strauss, Oxford, and by Mrs. W. M. Eno, Bristol. 
Tae University, (Received, October 10th, 1949.) 


by the action of phosphorus oxychloride on the sodium salt of the acid, but only coloured resinous 


Ames, Bowman, and Mason : 


38. Synthetic Long-chain Aliphatic Compounds. Part I. 
Introduction. Myristic, Stearic, and Tricosanoic Acids. 
By D, E. Ames, R. E. Bowman, and R. G. Mason, 


on a large scale has 


Pa&svious methods of synthesis of long-chain fatty acids may conveniently be classified into 
those using a §-keto-ester as intermediate and those using organo-metallic compounds. The 
most important of the first group is the well-known Robinson-Robinson synthesis (J., 1925, 
127, 176; 1930, 745) in which an acylacetoacetic ester is submitted to graded hydrolysis to 
yield the keto-acid : 


OCH, 
O,Et 

Though this synthesis gives good results in some cases it often suffers from the disadvantage 
of low yields and occasionally the separation of the products is difficult. This may be caused 
by hydrolysis in two directions with partial elimination of the “ wrong ” acyl group. 

The second group, viz., methods involving organo-metallic reagents, has been much used 


in recent years : 
RM + ChCO{CH,CO,Et R-CO-(CH,,-CO,Et 


The most important of these reagents are the cadmium dialkyls (Cason, Chem. Reviews, 1947, 
#0, 15) although the zinc alkyls have been shown to give excellent yields of keto-acids containing 
up to thirty-five carbon atoms (Jones, /. Amer. Chem. Soc,, 1947, 69,2350). The dialkylcadmium 
synthesis is probably the most convenient method for the preparation of straight-chain keto-acids 
up to Cy, when the “ chain-extender,” i.¢., the acid chloride ester, is readily available and R is 
not too large. The disadvantages of this method are the difficulty of preparing the “ chain- 
extender " (cf. Drake and Melamed, ]. Amer. Chem. Soc., 1948, 70, 364) and the well-known 
tendency of the Wurtz reaction to become appreciable when Grignard reagents are prepared 
from the higher alkyl halides, with, often, difficulty in separating the resultant saturated 
paraffin R-K from the product (inter al., Houston, J. Amer. Chem. Soc., 1947, 69, 517). 

The new ketone synthesis described recently (/., in the press) appears to be particularly wel 
suited for the synthesis of long-chain aliphatic compounds. As applied to saturated fatty 
acids, it may be represented as follows : 


(IIL) 


R 
(Iv) (V). 


COM —> RICH), 
(Vl) (Vil) 


The advantages of the debenzylation synthesis are several. First, the yields are usually 70% 
or higher; secondly, the ‘ chain-extender ” is a malonic ester which may be obtained in several 
ways and may be purified through the crystalline triacid (cf. the §-keto-ester synthesis) ; thirdly, 
the intermediate reactant (IV) is rendered soluble by the three benzyl groups, so that subsequent 
reactions can be carried out in not too dilute solution. 

One of the aims, therefore, of the present series of papers is to utilise this reaction for the 
preparation of fatty compounds of greater chain lengths than has hitherto been possible. 
Parallel researches are in hand on the synthesis of the higher unsaturated acids using the 
procedure already described in a preliminary note (Bowman, Nature, 1949, 163, 95). 

Before proceeding with the main objective we have examined two further applications of 
this synthesis and obtained thereby myristic and stearic acids. 

For the synthesis of the former we chose the route employing hexanoy! chloride (III; R = 
C,H,,) and ethyl heptane-1 : | : 7-tricarboxylate (I; <6). The latter has been previously 
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As @ start in the systematic synthesis of long-chain, saturated and unsaturated acids, 
myristic, stearic, and s-tricosancic 
by the ketone synthesis devised by A convenient for the 
preparation of e-bromoheptoi acid 
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obtained, in poor yield, by thermal degradation of the corresponding oxalo-ester obtained from 
ethyl azelaate (Zakutskaya and Gudovich, J. Gen. Chem., Russie, 1938, 8, 216). Since it was 
required in considerable quantity for another investigation, we have examined a number of 
routes for its preparation and have developed a method based on tetrahvdropyran which makes 
@-bromoheptanoic acid readily accessible. 


(VIII) (xX) 
BriCH,),CO,H 
(I; 


Tetrahydropyran was converted into 5-chloroamyl acetate (VIII) by acetyl chloride 
in the presence of zinc chloride (Synerholm, J, Amer. Chem, Soc., 1947, 68, 2581), and the 
chloro-ester treated with sodiomalonic ester in alcohol to give the lactone ester (IX). Hydro- 
bromic—acetic acids, followed by hydrob phuric acids (Brown and Partridge, J. Amer. 
Chem. Soc., 1944, 66, 839), then furnished 7-bromoheptanoic acid * (X) in 60% overall yield. 
Finally the bromo-acid was azeotropically esterified in almost quantitative yield and treated 
with sodiomalonic ester in the usual manner to give the required triester (I; » = 6). Conversion 
of this into the corresponding tribenzy! sodio-ester and reaction of this material with m-hexanoyl 
chloride afforded a keto-ester (IV; R = = C,H,,; ne 6) which was debenzylated and 
decarboxylated to give 9-hetoteradecanoic acid*® (V1; RK = C,H,,; = 6). Wolff-Kishner 
J. Amer, Chem. Soc., 1946, 68, 2487) then 
furnished 

benzy! alkylsodiomalonate, thus : 

+ Na-‘CR(CO,CH,Ph), — > 

(XI) (X11) (X11) 


(XIV) 


Accordingly, to test this route, sebacic ester chloride (XI; 
benzyl » te (XII; R = C,H,,) and the resulting keto-triester (XIII; R « 
C,Hy,, # = 8) submitted to the usual reactions to give the known 10-keto-octadecanoic acid 
(XIV; R = C,H,,, # = 8), which was then reduced to stearic acid. 

Our main objective being to ascend the fatty acids series as rapidly as possible, it will be 
necessary to prepare “ chain-extenders of the general formula (I) where » is as great as 
possible. Aliphatic aw-dicarboxylic esters are available by a number of routes and 
we have examined methods for their conversion into the corresponding malonic esters (I), The 
carbethoxylation technique of Wallingford ¢f al. (J. Amer. Chem. Soc., 1941, 68, 2056) using ethy! 
carbonate appeared to be of interest since it is a one-stage process and has already been applied 
to sebacic ester (XVI; » = 7) by the same authors, to give a product formulated by them as 


Eyco,- 
— 
(XVL) (XVII) 
(XVII; «= 7). In our hands, however, this product, although similar, was impure as shown 
by a low saponification value and a wide boiling range; and the derived tricarboxylic acid had 
neither the required equivalent weight nor a sharp melting point. We therefore abandoned 
this method and investigated an alternative route by way of the oxalo-ester (XVIII). 


After some preliminary experiments we obtained the required ethyl m-octane-1 : 1: 8-tri- 
carboxylate (XVII; = 7) in good yield and in a high state of purity from ethyl sebacate, 
Geneva numbering is used in this series of papers. —Ep. 
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without purification of the intermediate oxalo-ester (XVIII; = = 7) (cf. Zakutskaya, J. Gen. 
Chem., Russa, 1940, 10, 1553). Myristoy! chloride was condensed with benzy! sodio-octane- 
1: 1: &tricarboxylate 7), anc the resulting keto-triester (IV; R = C,,H,,; = 7) 
was debenzylated and decarboxylated by the general method. 10-Ketotricosancic acid (V1; 
K = CyH,,; = = 7) was thus obtained in exceptionally high yield (crude, 93%; pure, 85%) 
Reduction to the known »#-tricosanoic acid, in quantitative yield, was carried out as above. 


EXPERIMENTAL. 


The Vigreax column used in this work was of the usual type, 22 cm. in length. The Fenske column, 
the techniques used for conversion of mabonic esters into the he benzy! sodio-esters, the reactions of the 
( ou). 

y Acetate material was from tetrahydropyran as described by 

the of anhydrous zinc chloride was reduced (5 g. per 2-5 mols. 
of cet ) and the product was dis directly from the reaction mixture through the Vigreax 
mn 

1-Bromoheptanotc Acid (X) -—The foreyoing chioro-compound (434 g., 2-63 mols.) was treated with 
sodiomalonic ester (3-2 mols.) in absolute ethanol (500 ml) in the presence of sodium iodide (20 g.) at 110° 
for 6 hours. After removal of most of the ethanol and ethy! acetate by distillation, the cooled reaction 
mixture was added to dilute sul unc acl, and the product, after saturation of the layer with 
ammonium sulphate, solated (2 x 400ml). The solvent- 
with glacial acetic acxt (500 ml) and constant-boiling hydrobromic acid (500 ml), and the resulting 
mixture slowly distilled through a Vigreux column, ethy! acetate (400 ml.) containing some ethy! bromide 
being collected during ¢ hours; during this last phase decarboxylation had already started and was 
completed by further ane 1 hour after the addition of sulphuric acid (50 ml; 20~.). The 
cooled solution was then with a further portion of constant-boiling hydrobromic ‘acid (500 ml) 
and concentrated sulphuric actd (150 ml), and the mass heated at 110° (internal temperature) for 4 hours. 
After cooling to room temperature, the reaction mass was diluted with water, and the lower layer of 
bromo-acid separated further product was obtained by extraction of the aqueous layer, previously 

turated with With ether (3 x 400 ml). The combined organic extracts were 
then washed with water, dried WNa,80,) and treated with active charcoal to remove most of the colour, 
and the solvent removed by distillation. The residue was found to contain some water and, accordingly. 
was mixed with benzene (1 1), and the mixture reflaxed with a phase-separstor (Dean and Stark) until 
After removal of fore-run, 7-bromoheptanoic acid was obtained as an almost 
vurless oil, b p. 140-—142°/1-5 mm. (378g; 60%, calc. on the tetrahydropyran), which solidified and 
had m. p. 28-29" (thermometer in ra The bromo-acid was characterised conversion in the 
usual 


manner into the corresponding acid which separated from light m (b. p. 40-60") 
in needles, m. p. 56° (von Braun, Be , 4362, gave m 56—57") 
6a) 


Ethyl 7-Bromoheptamoate —-A mixture of the bromo-acid (3 , benzene (700 ml), ethanol (300 mi.) 
and AnalaR concentrated sulphuric acid (3 ml.) was distilled through the Fenske column fitted with a 
phase-separator until no furt phase-separation took place. The cooled solution was wasbed with 
water, sodium hydrogen carbonate solution, and again water, dried Par : and distilled to give, after 
rejection of a fore-run (10 g ), the ethyl ester as a colourless liquid, b. p. 112°/5 mm., #ff 1-4608 (397 g., 


) 

n-Heptane-| T-tricarbowylate (1; n 6).—The foregoing ester (237 g.; 1 mol.) was treated 
with sodiomalonic ester (1-75 mols.) in ethanol (700 ml.) in the presence of sodium iodide (10 g.) at 
%—106" for 10 hours. After removal of solvent by distillation, the cooled mixture was treated with 
excess of dilute sulphuric acid and isolated in the usual manner to give the triester as a colourless oil, 
b. 146 147° 0-5 14411 (263 83%). 

Ketotetradecanote Acid (V1; R= C,H,,; 6).—Ethyl s-heptane-1 : 1 : 7-tricarboxylate 
ai bn 0 1 mol.) was converted into the corresponding tribenzy| sodio-ester by means of sodium (2-3 g., 0-1 
mol), benzyl alcohol (32-5 g., 0-3 mol.) in benzene (300 and the treated with hexanoy! 
chloride (b. p. 04°/120 mm.; 13-5 g., 0-1 mol.) according to the rocedure. The uct was 
hydrogenated in ethanol (160 ml.) cont ethyl tate (20 Lee ised charcoal (5 g.; 10%). 
and palladised strontium carbonate (5 g. of 10 ). The catalyst was removed by filtration, the filtrate 
refluxed for 0-5 hour to bring about decarboxylation, and the solvent removed at atmospheric pressure 
and finally in eacwo. The resiiue was boiled with acetic acid (75 ml.) cont Ipbaric acid (2-5 ml. 
of 20s.) for 6-5 hour to bring about ketone hydrolysis of any residual B-keto-ester, and the product was 
isolated by dilution with water and filtration; yield, 17 g. (70%); m. p. 59—6l1°. On crystallisation 
from light petroleum (b ?* 40 60°) P-hetotetradecamotc acid ted in rosettes of needles, m. p. 66° 
(Pound C, 604; H, 10 H,,0O, requires C, 60-4; H, 10- 
lisedt from ethanol in needles, m. p. 78° (Found : 
C, 

A sample of the keto-acid was reduced with hydrazine and sodium hydroxide in 2 : 2’-dihydroxydiethy! 
ether, following exactly the procedure of Huang-Minlon (Joc. et#.), to give myristic acid (80%) which 
separated from light petroleum (b. p. 40-60") at -20° in plates, m. p. 53-56-54" (capillary) 
by admixture with authentic so 

10- Keto-cctadecanote Avid (XIV C,Hy: yimalonic ester (b. p. 118-—119°/1-5 
mm, Isl mol.) in benzene (300 mi.) into the 
sodium salt of its enolic form and treated with benzyl bat vty “5 g.. O14 mol.) in the usual manner, 
to give benzyl sodio-s-heptylmalonate) This was then treated with sebacic ethy! ester chloride (17-4 ¢., 
0-07 mol), and the product debenzylated and decarboxylated as usual to give the crude product 
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acid obtained in the usual manner, collected, and dried; yield, 14-9 g. (71%); m. 70—s2°. 
by conversion into the oily oxime derived amide, plates (from methanol), 


—Ethy!l oxalate (73 0S mol.) was added 


(400 ml), 0-62 mol ) 
kept at room temperature for 24 hours and extracted with ice-water (1 1.) 
extracted with aqueous sodium hydroxide (1 1; 0-G~.) at 0°, and the 
the P ec hon 
with water, the ben 
(XVIIL; 7) (126 ¢.) 
and fractionation, recovered ethy! sebacate (66 g 
The crude oxalo-ester was heated at | ae 5 mm. in the 
whereafter no further gas evolution took 
(15 x 1-2 cm. containing 3-mm. Fenske helices) furnished ethyl! #-octane-1 : 1: &tricarboxylate as a 
160° /1 The C, 61-5; H, 00; sap. val. 110. Cale. for 
8; H, equiv., 110). The this maternal was 88 
yl sebaca’ sap. equiv., | and higher-boiling fractions (sap 


A sample of the triester was aqueous-alcoholic sodium 
1: 1: &éricarborylic acid, obtained by addition of excess of sulphuric acid, crystallised from ethylene 
dichloride-eth ated in rosettes of colourless p. 108100" (Found 
C, 53-0; H, 6-9; equiv. 82. C,H requires C, 53-7; H, , 82). On heating at 160-180" 
tobe leadets (from water), m p. and ‘m. p. 133° 

10-Ketotricosanoie Acid (V1; R = CyHy,: 7 sodio-n-octane-1 1 : 
(0-1 mol.) was the the the foregoing triester (33-0 g.. mol), sodiam (2-3 ¢., 
01 mol), and zyl alcohol (33-4 g., 0-3 mol.) in b and t d with m | chloride 
(24-65 g., 0-1 mol. ; p. 2-5 mm m. p. 53-6" (thermometer in liquid)). 
i4., hydrogenation, decarboxylation, and working up were carried out as for $ decanoic acid. 
The yield of crude material, m. p. 86°, was 36-2 g. ( %). The uct contained some ester and was 
hydrolysed. Thus, 10-0 ¢. of crude acid were boiled with sodium hydroxide (100 ml.; ».) for 1 hour and 
acidified at the b. p., with shaking. on case (99 
and then twice from acetone (100 mi. each time), from which it (8-7 

. 93-5" (constant) (Found C, 74-7; H, 11-9 
of koto-acid in acetone at 15° is ca. 0-2 per 100 m! 

light petroleum (b. p. 40-—40") at 0° in plates, m. p. 43° 

: . requires N, 3-65%) 

mil.), hydrazine hydrate (14 ml.; 50%), and mp 
(12 g.) under reflux for 1-5 hours and then at 195° for 6 hours. The acid (19-4 ¢.: 00%) had 
and was practically pure. It was lised from benzene (50 ml.) to give material, Ly Re mat, 
then twice from acetone (70 ml., time) from which it separated in colourless pla ppd ge 7 
792° (constant). The of sail ba per 160 and 
acetone at 15° ca. 1 g. per 100 ml. 
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39. Synthetic Long-chain Aliphatic Compounds. Part II, Erucic and 
Brassidic Acids. A New Olefin Synthesis. 
By R. E. Bowman. 


methoxy-alcohols (V) and thence, by successive treatment with bh oa zinc, 
into the olefin (V1). has led to the total synthesis of erucic and acids (for a preliminary 
account of this work, see Nature, 1949, 163, 95). 


ConcURRENTLY with the synthesis of saturated acids (Part I, preceding paper), we were 

interested in developing a new and general method of synthesis of the corresponding unsaturated 

compounds, particularly since, at the time when these experiments were begun, the only general 

syntheses of olefinic acids (Noller and Bannerot, ]. Amer. Chem. Soc., 1934, 56, 1563) were based 

on the method of Boord (ibid., 1930, 58, 3396). This synthesis, however, suffers from the 

disadvantage that the starting materials, a-chloro-aldehydes, are difficult of access, although 
N 
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a later modification due to Baudart (Compt. rend., 1943, 217, 390; 1945, 220, 404) has, to some 
extent, eased this situation. 

Ruzicka, Plattner, and Widmer (Helv. Chim. Aca, 1942, 25, 604, 1086) have recently 
developed a new method employing a symmetrical acyloin as intermediate. This method has 
since been modified by Baudart (Bull. Soc. chim., 1946, [v), 18, 87) to allow of the synthesis of 
the asymmetrical monobasic unsaturated acids. When this work was nearing completion, 
Ahmad and Strong (J. Amer. Chem. Soc., 1948, 70, 1609) reported a new general method based 
on the semi-hydrogenation of the corresponding acetylenic acid (cf. Bhattacharya, Saletore, and 
Simonsen, J., 1928, 2678). 

Two routes, both employing our new ketone synthesis (/., in the press), were available, one 
using the acyloin R-CH(OH)-CO-(CH,),°CO,H and starting from the appropriate a-acetyl-acid 
chloride, the other using the a-alkoxy-acid chloride (1) and the a-alkoxy-ketone (IV) in the 


following general manner : 
CH,O-CHR 
ah) (IIL) 


—> RCHBrCHBrCHyX-CO,H —» 
(V1) 


The experiments now described herein had as their objective the realisation of the second route 
as applied to the synthesis of erucic and brassidic acids (VI; R = C,H,,, X = [(CH,),,). 

The early experiments were concerned with the preparation of 2-methoxydecanoic acid * 
from the corresponding methyl bromo-ester by treatment with methanolic sodium methoxide. 
CH,RCOH — > BreCHRCO,CH, — > CH,OCHR-CO,CH, —» CH,O-CHR-CO,H 
Considerable difficulty was encountered in obtaining the a-methoxy-acid free from a small 
amount of impurity, but eventually by careful fractionation of the crude methyl 2-methoxy- 
decanoate through a Fenske column, the pure ester was obtained and thence, by hydrolysis, pure 
2-methoxydecanore acid, The acid was converted into the corresponding chloride (I; R < C,H,,) 
with thionyl chloride without rearrangement (as shown by its hydrolysis by dilute alkali to give 


the original acid in a pure Condensation with tribenzy! sodioundecane-1 1 : 11-tri- 
carboxylate (Il; X « [(CH,),,) furnished the keto-ester which, on hydrogenctysie and 
decarboxylation according to the general method, yielded 13-Aeto-14-methoxyd: © acid 


R C,H,,, X (CH,),,) as a low-melting solid. 

Before proceeding with the olefin synthesis, the action of a number of reducing agents on 
this methoxy-ketone was examined. Sodium and ethanol furnished an oi! and a smal! amount 
of a crystalline solid, m. p. 87—87°5°, which is formulated as 13-Aydrorydocosanoic acid (V11) 


mM, " 
Col CH —> CH, + CH, OH 


cf. the reduction of ethoxyacetone by sodium amalgam and acid to give acetone and ethanol 
(Pittig and Erlenbach, Annalen, 1892, 269, 22), and a simular reduction of an acyloin by sodium 
and ethanol to give some of the corresponding monohydroxy-compound (Ruzicka et al., loc. cit.)). 
Reductions with zinc and acid under a variety of conditions gave rise, in high yield, to an isomeric 
hydroxy-acid, m. p. 90°, depressed to 78—82° by admixture with the previous product, and 
formulated as 14-Aydroxydocosanoie acid (VIII.). A sample of this material was oxidised to 
the corresponding keto-acid, m. p. 85° (lit., 85°) which raised the m. p. of a sample of 14-keto- 
docosanote acid, m. p. 83°, obtained previously by the hydration of behenolic acid with sulphuric 
acid (Holt and Baruch, Ber., 1893, 26, 838), a reaction unlikely to result in unidirectional 
addition (Robinson and Robinson, /.. 1925, 127, 175; 1930, 745). 

Attempts to reduce the methoxy-ketone catalytically with Adams's catalyst were not 
successful. Reduction with aluminium tsopropoxide, however, furnished a solid product which 
was separated by light petroleum into a solid 13-Aydroxy-l4-methowyd: acid (V; Re 
C,yli,,, XR = (CH,),,) and a liquid product containing some unchanged methoxy-acid. The 
liquid fraction, on treatment with hydrogen bromide followed by zinc dust in alcohol, gave a 
* Geneva nomenclature is used in this paper. —Ep. 
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solid from which brassidic and erucic acids were isolated. Both acids were obtained pure and 


acid (Dorée and Pepper, j., 1942, 477). 
Conversion of the solid hydroxy-methoxy-acid into the dibromide proved more difficult. We 
were, at that time, unaware of Baudart’s technique (loc. cit.) which has since been used with 
bromide at 150—160° for 6 hours 


acid used in this work is far from satisfactory. Experiments 


EXPERIMENTAL. 


The equipment and techniqaes employed were Part L. 

Decanoic Acid.—A sample of commercial ethyl decanoate (Messrs. A. 
was fractionated through Fenske column (total-reflux head) and the fraction, 
collected. The acid obtained by hydrolysis was distilled (Vigreux column) and the 
119°/1-5 mm., m. p. 31° (thermometer in liquid), was used. 

Methyl 2-Bromodecanoate —Decanoic acid (110 g.) was converted into its chloride with thionyl 
chloride After removal of excess of the latter m vacuo, the mass was heated to 110° and 

i] (40 ml.) in the usual manner and final! poured into methanol (900 mi) and left 
Isolated as usual the ester was distilled a column (Vigreux), and the fraction 

, b. p. 89°/0-5 mm., collected. 

-Metho. anoic Acid.—The ester was added with stirring to a solution of sodium 
methoxide (from 17 g. of metal) in methanol (300 ml.; magnesium-dried), and the mixture boiled under 
reflux for 4 hours, mest of the ons ter The cooled residue was 
dilated with water, and the product isolated with light petroleum (b. p. 40-60"). The oil thus obtained 
was treated with a mixture of silver oxide (10g) and methyl iodide ml.) in acetone solution (100 ml 
under reflux for 6 hours. After removal of solid material by filtration, the product aed OD peso coed 
through the Fenske column to give fractions, 15 ml) and ( 

) 

The ester g.) was hydro! Oy hydroxide (50 ml. of 10x.) in methanol 
(70 ml.) for } r, dilution with water (300 ml), and boiling with escape of methanol (I hour). Acidi- 
fication of the cooled solution with —- acid (50 ml. of 20x.) furnished the acid which was isolated 
with t petroleum (b. p. A ‘th then had mp. 42 (thermometer liquid)” samp 


118° /0-5 mm., which solidified imm iatety and then had m. 42-5° te liquid). A 
crystallised from light petroleum (b. 10° in colourless slender needles, m. 
wy (Found: C, 65-5; H, 10 C, 65-34; H, 10-9 
the tribromoanilide : the acid chloride (see g) was added to a tion of tribromoaniline 

pure dimethylaniline (2 ¢.) in dry, (10 ml), and the mixture refluxed for 0-5 
hour; the cooled solution was poured into excess of dilute hydrochloric acid, and the solid removed by 
filtration; after being washed with water and triturated with alkali and then with water, the 
crystallised from aqueous alcohol (norite) in rosettes of slender needles, m. p. $182" (Found: C, 39-8; 
H, 47. C,,H,,O,NBr, requires C, 30-7; H, 48%). 

2-Metho Chloride (1; R CsH,,)—-A mixture of the foregoing acid 
thionyl chloride (50 ml.) was kept successively at room temperature for | hour, at ‘or 2 hours, — 
finally at 60° for the same period. Distillation gave the acid chloride as a colourless liquid with a 
characteristic odour and b. p. 83--84°/0-4 mm. (62 g., 93%). It was characterised as the tribromoanilide 
(as above) and by mild hydrolysis at room temperature with aqueous sodium hydrogen carbonate whence 
acidification at 0” gave the original acid, m. p. 42” (air-dried) \sodepeesead by atmniature with the esiginal 
material. 

Ethyl di te —-The bromo-acid 1934, 438; m. 


esterified azeotropically in the manner described for the corr 
Ethyl n-Undecane-1 : 1 : 11 -tricarboxylate--The above bromo-ester (154 ¢., 0-53 mol.) was treated 
with sodiomalonic ester (0-75 mol.) in absolute ethanol (300 ml.) under reflux for 6 hours. Isolated in 
the usual manner, the triester was carefully distilled and, after rejection of a fore-run (b. p. 80-—180"), 
was collected at 180—182°/0-15 mm., m. p. O—1° (150 g., 76%). 
Acid (IV; R= C «= foregoing triethyl ester 
(93 g., 0-25 mol.) was converted into the sodium of its enol in bensene (800 mil.) with powdered 
sodium (6-75 g., 025 mol.) and treated with benzyl alcohol fe! g. 0-75 mol.) according to the general 
procedure to give the ae 1 sxlio-ester (if; == (CH,) The latter was treated 
chloride ( mol.), and the uct in (200 ml.) containing 
as usual. The residue obtained after 
m (b. p. 40—60°; 500 m1.) at 0° and filtered from solid 
acid were removed by distillation up to 200° 
(bath temperature) at 0-2 mm. pressure to give the crude iete-eutbenp-aste (68 g., 71%) which solidified 
directly for future experiments. A sample was crystallised from ght 
71-2; H, requires C, 71-9; H, 1.4%) 


shown to be identical with materials obtained from natural sources, by mixed melting points 
of the parent acids, their p-bromophenacyl esters, and the derived dihydroxy-acids obtained by 
followed by zinc dust, a moderate yield of brassidic acid was obtained. 
It is realised that the method for conversion of the hydroxy-methoxy-acids into the olefinic 
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Reduction 
boiling ethanol (25 ml.) and treated with sodium (2 g ) in portions. 
afforded a gummy prodact which was dissolved in boiling methanol . 
doe (04 ¢), m. p. 86-87", separated. It crystallised from ethy! acetate in tiny 
prisms, m. p. 8787-5" (Pound: C, 763, H, 11-0. requires C, 74-2; H, 12-93%) 

acid (2 q.) was submitted to the following 
zine (15 g.) in hydrochloric acid (5n.) for 6 hours. 
dust (12 g.) m 70% acetic acid containing hydrochloric acid (3 of 10x.) for@S hour. («) its solution 
in ethanol (40 mi.) mixed with amalgamated zinc dust (10 g ) wi Ve addition of hydrochloric acid 
(20 ml. of 10m.) ower 2 hours, the temperature being kept below 15°, and finally, hydrolysis of the crude 
In all cases, a high yield (90%) of 14- Aydroxydocosanon acid was obtained. Crystal- 
~acid in colourless prisms, m. p. 7 to by 
admixture with the 13-isomer (Found ; 30; H, 1245. Cysht,,O, requires C, 742; H, 12-3%,) 

A sample was oxidised in warm yi: acid solution with chromic acid (20n.) to give the 
which separated from alcoho! in m. p. 85°. A mixture of this 
keto-acht and a sample of 1 4-ketodocosanonw m. p. 83° (prepared from behenolic and sulphuric 
ackd), melted at 63-44 

Alumnium wopropesde. The crude keto-methoxy-acid (26 g.) was added to isopropanol (250 ml) 
in which aluminium (45 g.) had been dissolved, and the mixture slowly distilled through the Fenske 
column entil the distillate was free from acetone (7 hours). Treatment of the residue with warm dilute 
sulphuric acid (1 1. of 8.) antil decom tion of the aluminium complex was complete afforded an oii 
which solutified and was collected by filtration. By crystallisation from light 
at room temperature and at 0", it was separated into a yellow, viscous oil (A) and solid in oay-i4- 
acid in the of colourless prisms, m. p. 50-—51° (Pound. C, 71-4; H, 11-46. 
gO, requires C, 71-5, H, 11-0%, 

Brassidic and Erucic Acids ie) The foregoing oily reduction product (A; 6 g.) was dissolved in 
toluene (100 mi), and the solution saturated with dry oo bromide and left overnight. The 
mixture was then heated to 80° and kept at this tem perat of hy en bromide for 6 hours. 
The oil, obtained after removal of solvent, was dissolved in ethanol mil.), the solution added to 
zinc dust (10 g.). The mixture was boiled under reflux with peep a addition of alcoholic hydrogen 
chlonde (3 mi. of 4m. in all) for 3 hours. Decantation of the solution from zinc and dilution with water 
furnished an oi] which was isolated with benzene. The combined uc extracts were washed with 
aqueous sodjam hydrogen carbonate and distilled to give, after a 1 fore-run, an unsaturated ester, 
0-3 ma, 1-4530 (3g). Hydrolysis of the latter with aqueous alcoholic sodium 


hydroxwte affo.sded a crude acid, m. p. ca. 50°, which was dissolved in boiling ethanol (9 mi). Cooling 
of this solution to 20° gave crop (A) (1-2 ¢.), to 0° crop (B) (0-2 g.), and to — 50° crop (C) (015g). Crop 
(A) had m. p. 60° and was substantially brassxlic acid; it separated from ethanol in colourless, 
lustrous plates, m mi - undepressed admixture with authentic material (Found: C, 77-8; H, 
12-4 Cake. for T&L; H, 12-46%). It furnished a p-bromophenacy! ester which crystallised 
trom ethanol in —— 74," a) ey by admixture with authentic material, and gave, on 
treatment with peracetic acid Dorée and Pepper, /oc. cit), the corresponding dihydroxybehenic acid, m_ p. 
and mixedm.p. 131". © (B) was a mixture of (A) and (C) and was not investigated further. Crop Ra 
(m. p. 28-30") was dissolved in ethanol (5 ml), aad hydroxude added at the b. p. 
On cooling, the beautifully crystalline lithium salt of erucic acid (150 mg.) separated. Decomposition 
with acid in the © of light weg (b. p. 40-60") furnished almost pure erucic acid (85 mg) 
(Found uiv., Cale. for C,H yf , 338), m. p. 31°, raised to 31--32° by admixture with a 
specimen of the A. A material it formed ap- icomephanncyt ester m. p. 62°, and a dihydroxybehenic 
acki. m. p. 08°, both undepressed by admixture with samples , aa ‘the natural material. 

(6) A stream of hydrogen bromide was passed through the molten 13-hydroxy-14-methoxydocosanoic 
acid (B) (1-2) atl 160° for 6 hours. The residue was treated with ethanol and zinc as before and, 
in view of the small quantity available, was hydrolysed directly with alkali to give crude brassidic acid 
Crystallaation from ethanol f hed pure t dic acid in plates, m. p, 6°, 

by authentic material 
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40. Electrolytic Dissociation Processes. Part VI. The Dielectric 
Polarisation of lodine Cyanide and the Ionisation of the Cyanogen 
Halides. 


By Frep Farrsroruer. 


polarisation in an electron-<donor solvent, similar to that shown 
by molecular iodine. Measurements have been maile of its ae ee in carbon 
tetrachloride, benzene, dusebutylene, and dioxan, and of the ultra~ light absorption in 
carbon tetrachloride, dissebutylene, and dioxan. The behaviour of the cyanohalogens as 
halides or as cyanides is due, not to differences in type of , but to differences in solvent- 
solute interaction in a basic solvent and to the energy involved in ionisation and 
im the particular reactions 


Tux observation that the homopolar valency bond in molecular iodine becomes polarised on 
dissolution of the iodine in a medium which possesses some basic or electron-donor character, 
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even though of low dielectric constant, such as dioxan, benzene, p-xylene, or an olefin 
(Pairbrother, this series, Part V, /., 1948, 1051) suggested that a similar phenomenon might 
be observed with iodine cyanide, expecially if the structure implied by this name, i.¢., I°CN™ 
made a substantia! contribution to the structure of the molecule. The chemical reactions of 
an aqueous solution of this compound give support to this possibility. Even the usual method 
of preparation from molecular iodine and an alkali cyanide, oz., 1, + CN” = ICN + 1°, 
a reaction which is reversed in acid solution, suggests that it is formed in the first place by the 
union of a cyanide ion with a positive univalent iodine cation stabilised in alkaline solution 
by the electron-donor hydroxy! ions. 

The dielectric polarisation of ICN has now been measured in carbon tetrachloride, benzene, 
diisobutylene, and dioxan, in which, if we assume an electronic polarisation of 100 c.c. and 
- neglect the unknown atomic polarisation, the dipole moments are respectively 3-64, 3°76, 4-01, 
and 440 bp. In none of these solvents did ICN exhibit appreciable conductivity. 

The experimental! data are recorded in the following tables, 
of solute, f, the mol.-fraction of solute, ¢ the dielectric constant, d? the density, and P, the 

solute 


P, = 332-5 + p= 401 dD. 
Mec; p= 440d, 


The polarisations and moments have been calculated by the usual Clausius-Mosotti-Debye 
method. Only in dioxan was there any noticeable change of polarisation with concentration, 
and in this the molar solute polarisations were extrapolated to infinite dilution against the 
weight fraction w,; in the remaining solvents the polarisations were averaged. The 
extrapolation to infinite dilution of the dielectric constants and densities of the solutions, with 
a view to using the respective intercepts as solvent parameters (cf. Halverstadt and Kumler, 
J. Amer. Chem, Soc., 1942, 64, 2088), gave results which were not significantly different from 
measurements on the pure solvents, which were therefore used in the calculations. A single 
large sample (2—3 |.) of each solvent was used for all measurements and kept throughout with 
its vapour in contact with anhydrous magnesium perchlorate (Fairbrother, J., 1945, 503), 
Cryoscopic measurements in benzene by Zappi (Bull. Soc. chim., 1930, 47, 453) and distribution 
measurements between water and carbon tetrachloride by Yost and Stone (J. Amer. Chem. Soc. 
1933, 55, 1889) indicate a normal molecular weight for ICN in these solvents; we may presume 
the like for the remaining two. 

There do not appear to be any recorded measurements of the dielectric polarisations of 
ICN in the vapour state. Zwartsenberg and Ketelaar (Rec. Trav. chim., 1942, 61, 877) have 
measured the dipole moment in benzene solution, which solvent they state ‘‘ was chosen because 
solutions in other solvents showed a considerable electrical conductivity.” They obtained 
a value of up = 3°82 b. by the usual Debye method, neglecting atomic polarisation, or yp = 3°77 pv. 
assuming an atomic polarisation of 83 c.c., which was derived as the mean of the atomic 
age This method of averaging P, 

however, implies an additive character which is not strictly justifiable, and in the absence of 
direct evidence, the atomic polarisation of ICN must be regarded as an unknown quantity. 

For comparison, therefore, the dipole moments in the several! solvents have been 


ICN in carbon tetrachloride. ICN in benzene. ‘ 
x 10, te wx Se =P, (ex). 

0 0-006 22268 15847 2-2727 ©8732 

1469 OOO1477 2-2510 1-5851 288 8.222 29577 Bon 
1549 0001558 2-2526 15854 zag 12.852 82-4082 
2071 1-5856 202 14,056 24219 ©8813 
2698 2-2727 1-5860 202 24,462 001264 2-5423 08874 
3226 003235) 22828 1.5863 207 24,584 001271 25454 ©8877 313 
Average 202 Average 31! 

Py 273 4 2c.c.; p= dD. Pow M24 lee; 
ICN in diisobutylene. ICN in dioxan. 

0 0-000 2-0801 0000 22124 10275 

3580 «62-1206 T7151 353 11,934 0000010 2-4062 10361 
3723 ©002733 «21218 ©7153 350 13,275 24250 10358 398 
4393 0-0038227 2-1276 0-7156 351 16,355 0000687 2-4784 10378 305 
5334 0003919 2:1364 0-7162 352 20,558 0-01105 25458 10404 391 
Average 351-5 21,572 001254 25639 
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with the neglect of atomic polarisation, inclusion of which may reduce the moments given by 
sapething under 005 Debye unit. The electronic polarisation (Na,) has been taken as 
190 cc. On the one hand, the sum of the partial refractivities of covalently bonded iodine 

, Z. pleysihal. Chem., 1911, 76, 585) and of CN derived from the molar refractivity 
of HCN (Watson and Kamaswamy, Proc. Roy. Soc., 1936, A, 156, 144) is (13°00 + 516) 
19°06 ¢.c., whilet direct determinations of the refractivity, for Nay, give 19°00 + 005 cc. in 
benzene (Zwartsenberg and Ketelaar, loc. cit.) and a mean of 19°10 cc. in alcohol and chloroform 
(Zappi, Bull, Soc. chim., 1930, 47, 537). 

It may be observed that dissolution of ICN in the electron-donor solvents causes a significant 
increase i- dielectric polarisation ; in dioxan it ts over 40%, greater than in carbon tetrachloride. 
ICN ia very freely soluble in dioxan but only about 0-5 g. dissolves in 100 g. of carbon tetra- 
chloride. It may also be observed that, as with molecular iodine, the « electrons of the ethylenic 
bend in dijsobutylene are more effective in bringing about the polarisation than the aromatic 
electrons of benzene. 

Further evidence of solvent -solute interaction is provided by the ultra-violet light absorption 

of ICN in these solvents. In the case of mole- 

vol cular iodine the shift in the absorption on 

dissolution in a donor solvent is apparent to 

the unaided eye; iodine cyanide absorbs only 
Pe in the ultra-violet. 

The ultra-violet light absorption of ICN and 
BrCN in ethanol and chloroform was studied 
by Gillam (Trans. Faraday Soc., 1933, 29, 1132, 
who found that the absorption curve of ICN, 
which discloses no maximum down to 240 mu. 
is displaced towards the shorter wave-lengths 
in ethanol as compared with chloroform. Ther» 
was no evidence of a similar shift in BrCN. 

The ultra-violet light absorption of solutions 
of ICN in carbon tetrachloride, diisobutylenc, 
and dioxan has now been measured by a Beck- 
man photoelectric spectrophotometer. The 
absorption curves (see figure) show a marked 
displacement towards the shorter wave-lengths 

Wave -/ength ms. in the electron-donor solvents. 

I. Carbon tetrachloride. Since the bond moment of ~CN in the alky! 

cyanides is >3p., the carbon being positive 

Til, 1: 4-Dionan, to the nitrogen, whilst the bond moment of ~I in 

the alkyl! iodides is ~1°5 p., the carbon 

positive to the iodine, the magnitude of the moment of ICN suggests that in this molecule the 

iodine atom is the positive end of the dipole. In ICN, therefore, unless the ~CN moment is 

greatly increased, the iodine is much more positive (or less negative) towards the carbon than 

in the alky! iodides and co-ordination with donor solvent molecules would be expected to increase 
the dielectric polarisation, which in fact does occur. 

This is further supported by a consideration of the interatomic distances in ICN. These 
have recently been measured very accurately by Smith, Ring, Smith, and Gordy (Physical Rev., 
1948, 74, 370) by a micro-wave technique. They find the C-I internuclear separation to be 
1-905 a., which is considerably shorter than the separation in methy! iodide, 2°139 a. es 
Simmons, and Smith, @id.. p. 243). This they attribute “largely to resonance between the 


electronic structures X=C=N and X-CEN which gives the X-C bond some double character.” 

It is probable that in all the so-called cyanogen halides, the halogen atom is the positive 
end of the dipole of the gaseous molecule, with a decrease in moment ICN > BrCN > CICN. 
There is experimental! evidence of the amaller dipole moment of the bromide in benzene solution, 
3-13 ». as compared with 3°82 bp. (Zwartsenberg, Rec. Trav. chim., 1943, 62, 148). 

The nature of the valency bonds in iodine cyanide and other cyanohalogens has given rise 
to much discussion (cf. Gmelin,  Handb. anorg. Chem.,”’ Sth Edn., Berlin, 1933, No. 8, p. 457), 
chiefly based upon their chemical reactions, which have been studied by a number of workers 
and have led to conflicting theories. 

by other oxidising agents and giving, when reduced, cither free iodine or iodide ion 


| 

3 
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according to the strength and excess of the reducing agent, ¢g., 2JCN + H,SO, + H,O = 
2HCN + H,SO, + 2HI (Chattaway and Wadmore, J., 1902, 81, 191) and 

ICN + AsO?” + 20H™ CN~ + + I> + H,O (Gutman, Z. anal, Chem., 1924, 65, 
246), iodine being liberated in cach case if the ICN is in excess. 

If a solution of ICN in carbon tetrachloride or benzene is shaken with an aqueous solution 
of ferrous sulphate, the organ.< solvent slowly takes on the characteristic colour of free todine. 
An aqueous solution is apparently unaffected by dilute sulphuric acid, but if it is made slightly 
alkaline and allowed to stand a few moments, on acidification free iodine is separated. Similarly, 
if pyridine is added to an aqueous solution, a yellow colour quickly develops and again iodine is 
precipitated on acidification. These latter reactions are presumably due to the formation of 
iodide and iodate from the unstable IOH or PyIOH respectively, and the subsequent oxidation 
It is to such formation of iodide that the few 

reactions reported in which ICN behaves as an iodide are doubtless due. Thus, Normand and 
Cumming (/., 1912, 101, 1852) report that an aqueous solution of silver acetate very slowly 
gave a precipitate which was a mixture of silver cyanide, iodide, and iodate and that, when 
potassium hydroxide was added to the original solution, a copious precipitate of silver iodide 
appeared. 


The reactions of ICN are essentially those of a cyanide of positive iodine : CICN in contrast 
behaves as a chloride of cyanogen. 

Zappi (loc. cit., p. 453) has pointed out a number of differences between the reactions of 
ICN and CICN ; that silver nitrate does not react, or reacts very feebly, with ICN dissolved in 
water, alcohol, ether, or chloroform, but that CICN slowly reacts, $a, all the chlorine being ultionately 

after the lapse of 2—3 hours; that ICN is completely dissociated in (halogen)- 
acid solution, ICN + HI = I, + HCN, and (on gentle warming) ICN + HCl « HCN + ICI; 
that ICN gives iodate with potassium hydroxide (as observed by Nef, Annalen, 1895, 287, 316) 
and a quantitative yield of iodine with potassium iodide, the cyanogen in both cases appearing 
as potassium cyanide, but that CICN docs not give chlorate or cyanide with potassium hydroxide, 
or chlorine with HCl; that whilst a ferrous-ferric mixture gives an abundant cyanide reaction 
with ICN, it gives a completely negative result with CICN. (It may be noted that the Prussian- 
blue test is not given on addition of a solution of ICN to one containing ferrous and ferric salts 
unless it is first made alkaline and subsequently acidified.) Zappi concluded that such facts 
seem to indicate a difference in constitution between the two 

Striking as these differences in reaction are, they do not, however, form conclusive evidence 
that there is any fundamental difference in hind between the valency bonds in CICN and in 
ICN. Indeed, the physical evidence indicates otherwise. Badger and Woo (J. Amer, Chem. 
Soc., 1931, 58, 2573) found that the ultra-violet absorption was of the same type for CICN, BrCN, 
and ICN, and West and Farnsworth (J. Chem. Physics, 1933, 1, 402) showed that the Kaman 
spectrum of all three compounds is similar. 

The manner in which a given molecule will ionise is not a unique function of the structure 
of the molecule itself, but also of its environment; this behaviour is familiar as amphoteric 
reaction in acid-base systems. 

Consider the alternative modes of ionisation of CICN and ICN in a pure solvent. The 
energies involved in the ionisation and subsequent electrolytic dissociation may be divided 
into the following steps : 


(A) Formation of halide anions and cyanogen cations : 


—> I, —> Iz + CNY —> + CNP 


(6) lonisation potential of CN, —> electron affinity of I, —> Ip. 
(c) Sum of solvation energies of CN; Sti. 


(B) Formation of halide cations and cyanogen anions : 


eg. ICN “> 1,4.CH, “> + 
(a’) Energy of dissociation of dissolved ICN to I, + CN, 


lonisation potential of |, Ij — electron affinity of CN, —-> 
(c’) Sum of solvation energies of Iz and CNz. 


— If + CN; 
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Since a and a’ are the same, the course of the ionisation is determined by whether (¢ — 6) or 
lc’ — b’) is the greater. In NaCN and KCN, which have a rock-salt structure at room temper- 
ature, the CN~ jon is believed to achieve spherical symmetry by rotation. The edge of the 
unit cell in KCN is closely similar to that in KBr, so that the rotating CN~ ion must have an 
effective radius which is close to that cf the Br~ ion (cf. Verweel and Bijvoet, Z. Arist., 1938, 
:  Valency,” Cambridge, 1944, p. 54). 
fore, that the ionisation potential and electron affinity of the cyanogen radical may also be 
similar to those of the bromine atom. The chlorine atom, however, is very much smaller than 
the iodine atom, its ionisation potential is 2°35 volts greater and its electron affinity 0°53 volt 
greater than those of iodine. 

Consequently, whilst the ionisation of CICN into Ci* and CN~ may be much more endothermic 
than into~ Cl and CN’, the ionisation of ICN into I* and CN~ may be less difficult than into I~ 
and CN*. The differences in heats of solvation of the ions in the respective alternatives would 
be insufficient to overcome the difference in endothermicity in the case of CICN. It follows, 
therefore, that there should be few if any reactions in which CICN behaves as a cyanide, but 
4 number in which the energies of solvation or reaction of the resulting ions will be sufficient to 
bring about the ionisation and reaction of ICN as a cyanide. 

In computing the energies of solvation of the cations, it is necessary to take into account 
not only the electrostatic energy of solvation in a chemically indifferent medium, but also the 
pomibility of bond formation between solvent and solute molecules. This will be especially 
significant in basic, or electron-donor solvents, which are able to form a co-ordinate bond with 
a halogen cation. 

It would appear that water in itself is not sufficiently basic to bring about the appreciable 
ionisation of ICN, as shown by the lack of reaction with silver nitrate. This, however, may 
occur in a much more basic solvent or in aqueous solution in the presence of a strongly electron- 
donor solute species such as hydroxy! ion. 

Clark and Streight (Trans. Roy. Soc. Canada, 1928, 22, [3), 323) report that electrolysis of 
® Im-solutions of ICN in a number of carefully dried organic solvents, acetamide, benzene, 
acetonitrile, nitrobenzene, methanol, ethanol, nitromethane, aniline, and quinoline, gave iodine 
at the anode and cyanide or cyanogen or paracyanogen at the cathode, but that solutions in 
pyridine gave iodine at the cathode and cyanide at the anode, and that on addition of water 
iodine again appeared at the anode, It is probable, however, that the last observation was 
due to the secondary decomposition into iodide and iodate as described above. 

The electrical conductivity of iodine cyanide in pyridine was studied carefully by Audrieth 
and Birr (J. Amer. Chem. Soc., 1933, 55, 668), who found that it increases with time to give 
maximum values. The experimental! evidence indicated that the reaction between solvent 
and solute resulted in the primary formation of a non-conducting addition compound which in 
time changes over into a true quaternary pyridinium salt, l-iodopyridinium cyanide. A 
similar mechanism the formation of l-iodopyridinium iodide would account for the conductivity 
of molecular rodine in pyridine. 

This reaction of pyridine and its stabilising effect on the positive iodine is paralleled by its 
behaviour in stabilising the univalent iodine cation in the salts prepared by Carlsohn (Angew. 
Chem., 1932, 45, 580; 1933, 46, 747) and by the abnormal positive heat of solution of iodine in 
pyridine. Heats of solution of iodine in a variety of solvents have recently been measured 
accurately by Hartley and Skinner (to be published); they find that whereas in hydro- 
carbons and a number of oxygen-containing solvents, the heat of solution of iodine is negative, 
yet in pyridine it is positive. A simple test-tube experiment shows that the heat of dissolution 
of ICN in pyridine is also positive. 

BrCN, which occupies an intermediate position, is stated to be un-ionised in water, neutral 
to litmus, and to give no precipitate with silver nitrate solution. It is soluble in cold 
concentrated sulphuric, hydrochloric, or nitric acid without decomposition, but is instantly 
hydrolysed by aqueous alkali hydroxides or carbonates into cyanide, bromide, and bromate ; 
bicarbonater have no action (Williams, “Cyanogen Compounds,” London, 1948, 9). Its 
ultra-violet light absorption (Gillam, joc. ci.) shows that there is much less solvent-solute 
interaction in ethanol than in the case of ICN. Clark and Streight (loc. cit.), using Sampey’s 
method (J. Amer. Chem. Soc., 1927, 48, 2849) for the quantitative determination of positive 
halogen by titration with stannous chloride, report that BrCN repeatedly titrated as if it 
contained 892% of positive bromine, whilst iodocyanogen gave results corresponding to 99% 
of positive iodine. 

It is to be concluded, therefore, that the positive iodine cation does not pre-exist in the free 
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ICN molecule, but is formed 4s it 1s in molecular iodine, either by a solvolytic ionisation alone in 


Solvents.—Benzene (b. p. 80-1° 4+ 01°; 762 mm.), 100-2--100-6° mm), and 
wider range and diflered sn both dieloctric constant and denatt from that 
easurements —Dielectric constants and measured at 28-00" as previously described 
(Pen 1945, 503). 


1 am indebted to Messrs. Imperial Chemical Industries Ltd. for a grant for the purchase of apparatus. 
Tue Unrversrty oF Mancuester. (Received, August 19th, 1949.) 


41. The Isomerisation of Labile Diphenyl-4 : 4'-bisdiazocyanide 
in Solution. 


By D. D. Brown, R. J. W. Le Fever, and R. N, Wurrrem. 


The two Anown isomers of the molecule named in the title are “ 
. ts-trans-,”’ should exist but is so far unknown. 


i 
activation energy of 26-9 kcals. /g.- -mol., in the polar solvents o-dichlorobenzene, pyridine, 
nitrobenzene the reaction is not of the first order. The suggestion is therefore made that the 


that the overall change in this solvent is governed by 
only one of the two rates. 


Ow Hantzch’s theories of the configuration of the ~N=—N- group, dipheny!-4:4’-bisdiazocyanide 
should exist in three isomeric forms, (I), (II), and (111) : 


co 


(ly (tl) any 
In fact, ouly two are known (Euler, Chem. Zenir., 1907, i, 1572; Le Févre and Vine, /., 1938, 
1878; Anderson, Le Févre, and Savage, J., 1947, 445). Chemical and physical evidence 
(Le Fevre et al.) favours the view that the variety with m. p. 97—98° is cis-cis- (I) whilst that 
with m. p. 208—209° is trans-trans- (IIT). 
The cis-trans-species (II) remains, so far, unknown, notwithstanding the experimental fact 


donor species in solution such as the hydroxyl ion in its alkaline hydrolysis, and that the 
contrasting behaviour of CICN is not due to any great difference in the electronic structures 
of the free molecules, but to differences of solvent-solute interaction and of the energies 
involved in the particular reactions. 

EXPERIMENTAL. 

Materials —lodine cyanide was prepared in the usual manner the slow addition of iodine to 
concentrated aqueous potassium cyanide, Nip filtration, washing and 
drying of the crystals. The crude product was purified by sublimation in a current of dry nitrogen, 
and samples were freshly re-sublimed at a comparatively low temperature immediately before each 

tormation 

If the spontaneous formation 

of the stable from the unstable forms involved simultaneous configurational inversions, the 

situation would be explicable. However, the process is now found to proceed by a more complex 
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that the spontaneous change of (I) into (I11) proceeds quite slowly in the dissolved state (Le 
Pévre and Vine, loc. cit.). In addition to the work already recorded by Le Févre and Northcott 
(this vol., p. 044) attention has therefore been directed to the kinetics of the production of (111) 
from (1) in a hope that indications conceraing (11) might thereby be revealed. 

At the outset there appeared three possibilities. These were: (a) that (I) passes 
directly into (I[]) by two simultaneous first-order reactions of equal velocities; (6) as (a) 
except that the velocities are unequal; and (¢) that two consecutive first-order reactions 
(i II) ase involved. 


Case (a), if relevant, would explain the absence of isomer (11); it requires that (I) —> (111) 
should appear to be of first order. One would predict that the activation energy needed i 
such a process is in the region of 46 kcals.'g.-mol., 1.¢., 
azo-invermon. 

Case (b) seemed a reasonable contingency. As soon as the isomerisation commences, the 
environmental! (polarisation and polarisability) factors for the second ~N——N~ cannot be 
as before, Each azo-group will be under a varying influence, from the other end of the molecule, 
during the actual act of inversion. Separate molecules, however, would behave similarly and 
the overall rate (as observed) should still be of the “ first order.” 

mechanism. This would require the reacting molecules to 

omg gue time, only that activation energy necessary for one azo-inversion. If the 
ae ¢~ #/8T represents the probability of a molecule having energy in excess of £ then the 
probability of a molecule having energy in excess of 2E will be roughly only 1 /e® of the first 
probability. The chence then, that a molecule will react by a consecutive mechanism would 
appear to be far greater than the chance of both azo-groups being inverted simultaneously. 

To follow a consecutive reaction, involving three molecular species, by the variation of an 
additive physical property the concentrations of (I), (II), and (IIT) may be written in terms of 
A,, the initial concentration of (1) and the two constants 4, and &, : 


(Ch = Aen 


The second equation has 4 maximum value dependent on the ratior = A,/h, : 
(Cymax. = [4 ~ 1) — — 
If the rate displaying property, X, is one which, for each solute separately in dilute solution, 
conforms to the equation: Xgy « X,{l + aw,), where X, refers to the solvent, Yq refers to 


the solution of (1), and w, is the weight fraction of solute (1), and if the property is additive for 
a solution containing a mixture of the three solutes, such that : 


Xana + aw, + + 


then it is obvious that, in the present problem, a graph of X gq 17 11 against time will be, in effect, 
the sum of three curves; an exponential decay curve, a growth curve, and a curve with an 
intermediate maximum. 

The interpretation of such a graph would be rather limited. If Xg,; were much greater 
than Xg, and Xgy; the curve might show a maximum or points of inflection. The presence of 
such characteristics would constitute strong evidence for the existence of an intermediate form. 
In their absence, the fact that the reaction was not of the first or the second order would remain 
the only evidence for a consecutive mechanism. It is relevant to note here that some consecutive 
reactions appear to be first-order reactions. This occurs when &, 5» &, or vice versa, but Walker 
(Proc. Roy. Soe. Edinburgh, 1898, 22. 23), and Mellor (“ Chemical Statics and Dynamics,” 
Longmans, 1904, Chapters V and VI) quote sumencal examples to show that r needs to be 
greater than 100 to produce a passable semblance of constancy for A (first order) over all but the 
early stages of the reaction. g 

EXPERIMENTAL. 

The 4: 4'diphenylbisdiazocyanides were found to be best prepared a 

modification of the directions of Anderson, Le Févre, and Savage = i. 

purified by several recrystallinations from alcohol, then converted ( in cc. EtOH) ‘ee the 
by adding (18 c.c.) to its hot solution. and (NaNO,, 3-9 g.; 
0 cc.) at 6-10". The clear resultant liquid was well stirred with chloroform, the cooled 
— 10° (carbon dioxide-alcohol), daylight excluded. and sodium cyanide (3 g. in the minimum amount of 
water) added. The heavy a oy separated, washed with water, and run into twice its 
volume of light petroleum at — 30°. 
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The product, after rapid filtration, was dried, and stored is vacuo in the dark. The stable isomeride 
could be obtained by concentrating the filtrates after they had been kept for several days at room 


on SE Eee method were made difficult by the relative insolubility of the 
See ae, in most solvents, crystallisation to occur before the reaction had a useful 


py 
was ured, the 


« Spekker-absorptiometer 
uantity o tight absorbed by the solution from a narrow band 
wave-lengths. To enable a suitable light range to be chosen for each medium, PR 
of the tue forme ap were Acct enplered (ase inter), and of the filters 
those passing the band 5600—6100 a. used with benzene and those 


}—6200 a. for the other solvents. 
the Crystallisation of the 
such dilutions limited 
30 c.c. at a time from the main 
utter reset for the pure solvent before each reading. The 
logarithmic scale o the instrument was first calibrated for known mixtures of c1s-cis- and trans-frans-forms. 
For benzene solutions, a linear relation was obtained between the scale reading and the concentration of 
cts-cas- in the presence of trens-trans-forms. Slight departures from linearity were found to exist in the 
t, as would be case in processes (a) (d), rate-displa 
determining the kinetics of the reaction. wonld alto cont 


should fail. Such to obtain constant 4 values would be, in itself, 


REsutts. 

Roughly, “ half-change " times seem to be independent of the initial concentration (cf. 
Table I). However, despite this, in nitrobenzene (as also in pyridine or o-dichlorobenzene) the 
reaction is unlikely to be truly of the first order, since 4, if appropriately evaluated for each 
observational time interval, is not constant (Table II); On the other hand, in benzene, the 
values of &, if similarly calculated, do appear almost invariant, and lead to an apparent activation 
energy for the change of 269 kcals./g.-mol. These statements are illustrated in the figure. 
From these facts we draw the conclusions set out in the last two sentences of the “ Summary ” 
to this paper. 

Taste I. 
Solvent. 
C,HyNO, 
CoH, 

Taste Il. 


Variation of k with time. 
{4 calculated from first order equation; 44  In{a/(¢ — *#))}. 


smal) that their accurate determination required apparatus with a high degr 
temperature control. The dielectric-constant method was eventually abar 
second-order equations 
ence for a consecutive 
mechanism 
C Hy NO,. Pyridine. o-Dichlorbenzene. Benzene. 
25°. 25". 25°. 35°. 25°. 
Time, Time, Time, Time, Time, 
min. a. min. k. min. a. min. a. min. a. 
16 0300 0-94 22 0-49 73 0-22 «(0-041 
56 0-224 ae 0-55 “4 0-60 200 255 0-051 
74) 208 64 0-46 15 0-53 307 0-22 sol 0-048 
os 860-180 87 0-39 122 0-43 370 O21 414-048 
143 O-151 116 0-33 209 0-33 1267 0-000 
171 0-137 189 0-23 309 0-26 2600s 8-039 
1289 0-057 1340 0-06 1361 0-16 
Visual Absorption Spectra of the Labile and Stable F orms.—For reasons explained by Le Févre 
and Wilson (this vol., p. 1106) when reporting the ultra-violet absorption spectra of isomeric 
pairs of benzenediazocyanides, we took the opportunity, during the process of filter selection 
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(see above), to make qualitative comparisons of the absorbing properties of the two bisdiazo- 
cyanides of the present work towards visible light. Equivalent solutions (sometimes prepared 
directly and sometimes by allowing complete 
thermal change to occur in the dark) of various 
concentrations in cyclohexanone or nitrobenzene 
were examined in the Hardy recording spectro- 
photometer. The wave-length range accessible 
covered only 4000-7000 4., and since in no 
cases have the automatic traces traversed an 
absorption peak they are not reproduced. For 
each pair of solutions, however, the following 
facts were consistently and definitely displayed : 
(@) the point at which 100%, absorption ceased 
was further towards the red end of the spectrum 
for the stable form; and (6) the general slope of 
the °,-transmittance-wave-length curves was 
slightly steeper for the unstable form. We are 
satisfied, therefore, that the type and degree of 
spectral differences (i.¢., of intensity and 4,,,,), 
— mentioned by Le Févre and Wilson (cf. also. 
200 300 400=—s«Le Feévre, Northcott, and Wilson, Chem. and Ind., 
Time (minutes). 1948, 732), oceur also for the present cases. It 
is relevant to recall that in the solid states the 
stable variety is maroon-coloured, in contrast to its isomer, which is orange (Anderson, Le Févre, 
and Savage, J., 1947, 451). 


Financial assistance from the Commonwealth Science Fund is gratefully acknowledged. 
or N.S.W., AusTRratia. (Recewed, July 27th, 1949.) 


42. Some Amidines and Dihydroglyoxalines of the 1: 1-Diphenyl- 
ethane and 1: 1-Diphenylpropane Series. 
By J. O. Jitex and M. Prortva. 


ln view of the well-known similarity of the pharmacological ies between ethyldialky!- 
amines and 2-methyldihydrog!yoxaline derivatives 2 2-diphenylethyl)-4 5-dthydrogiyoraline 
VI) has been prepared as a glyoxaline analogue of “ Aspasan ‘' (V). Three similar amidines 
VIII) and two lower homologues (IX and X) have also been prepared, one of them (VIII; 
R H) exerting a relatively antihistaminic action. 


Dyexasst and Semotz (J. Amer. Chem, Soc., 1947, 69, 1688) noticed the analogy between 
the known antihistaminic agents Antergan (I) and “ Antistin™ (II). (II) differs from 
(1) only in that the 2-methyldihydroglyoxaline group replaces the dimethylaminoethy! moiety. 


CH,Ph-NPh-CHy CH, NMe, 
(1) (IL) 
Making use of this analogy, these authors prepared a series of aryloxyacetamidines and 
2-aryloxymethyldihydroglyoxalines and found them to show antihistaminic activity similar 
to that of the corresponding aryloxvethyldialkylamines. On the basis of the same assumptions 
the dihydroglyoxaline analogue (IV) of “ Benadryl" (II]) was recently prepared almost 
simultaneously in different laboratories (Protiva and Urban, Coll. Tvav. chim. Tchécosil., 1948, 
18, 340; Cavallini and Mazzucchi, Farmaco, 1947, 2, 273; Dahlbom and Sjégren, Acta Chem. 


Seand., 1947, 1, 777; Djerassi and Scholz, /. Org, Chem., 1948, 18, 830) and was found to be 
quite similar to (111) in its pharmacological properties. 


CHPhy OCH, NMe, CHPhy Oe 
(tl) 


Considering these results, it seemed desirable to prepare et and dihydroglyoxaline 
analogues of 3. 3-diphenylpropylamine derivatives, another pharmacologically interesting 
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group characterised by “ Aspasan ” (V), showing antispasmodic and antihistaminic activity 
and 1948, 561, 52). Attention was paid first to the preparation 


(VI) (Vit) 


of 2-(2 2-diphenylethyl)-4 5-dihydrogiyoxaline (V1), So (V). This 
compound was obtained from 6$-diph ther through ethyl 68-diphenyl- 
Propionimidate hydrochloride by the method of Kiarer and Urech (Hele. Chim. Acta, 1944, 27, 
1762), or by fusion with 2 inoethy! Iphonate (Oxley and Short, 
J.. 1947, 497). The an which by the action of 
ammonia gave the base (VI), m. p. 101°. From the base a crystalline hydrochloride (m. p. sh 
90°) and picrate were prepared. By the second method, a crystalline ¢ ph was 
obtained, which could be converted into the base and hydrochloride, identical with the products 
obtained by other route. The base, p-sulphonate, and picrate gave good analytical 
results; the hydrochloride in contrast, even when thoroughly dried is vecwo, gave results which 
indicated that it was a monohydrate. Since, however, it might have been 65-dipheny!propiono- 
2-aminoethylamide hydrochloride (VII), which could be formed by opening the glyoxaline 
ring of (VI), the base (VII) was prepared from ethyl 8§-diphenylpropionate by the action of 
excess of ethylenediamine at 210—220° (Hill and Aspinall, J. Amer, Chem. Soc., 1939, 61, 
$22). The hydrochloride of (VII) melts at 214—215° and differs from that having m. p. 
88—90°. The base (VII) is a solid of m. p. 118°. 

Three new $$-diphenylpropi id (VIII; NR, = NH, NMe, and N</CH,),) of a 
similar type were prepared by the action of an excess of ammonia or of the appropriate amine 
on ethyl $$-diphenylpropionimidate hydrochloride. For comparison diphenylacetamidine (1X) 
and 2-benzhydryl-4 : 5-dihydroglyoxaline (X) were also prepared by standard methods. 


H H 
(VILL) (IX) 

The soluble derivatives of compounds (V1), — (IX), amd (X) were tested for 
antihistamine activity. Only the hydrochloride of (VII; R= ) was found to be 
approximately equal in activity to “ Aspasan” (0-1 unit of “ Benadryl” activity). 
Further testing for antispasmodic, analgesic, and pressor activity is in progress. 

EXPERIMENTAL. 


—This 
method of Kohler and Reimer (Amer. J., 1906, 38, 338) and om vacuo 
(Freeman, Ringk, and Spoerri, J. Amer. chen Sec., 1947, 858) and from ethyl 
—A solution of the above nitrile (11-7 
of chloe orm (00 vc) and abeolute ethyl alcohol cc) was saturated with 
at 0° and set aside for 10 days in a closed flask at 20) sheer comaved of ten cottane of OF 
Se residue remained, representing the crude product of m. p. 128°, in quantitative 


yield 

2-(2: 2- ) The above imidate h chloride (88 
absolute ethy ae lute ethyl alcohol (50 ¢.c.) were reflu for 7 hours in a 
stream of oy air in a bath at fh Sie. After cooling, the solution was filtered from ethylenediamine 
dihydrochloride (0-1 g.; m. p. 335—-338° (decomp.)) which separated. The filtrate was concentrated 

er reduced pressure, ‘the oily residue dissolved in water (70 .c.), and the solution filtered and treated 
with concentrated aqueous ammonia (7 c.c.). The base (4-4 g.) was filtered off and from 
50% nk, t had m. p. 84-—86°, or, after drying (P,O, im vacuo), m. p. 101° (Found ; C, 81-2; 
H, 7-5. Cy HN ane Cc, 81-6; H, 7-2 ). In another similar t the crude oily hydro- 
chloride was alec! in acetone (10 cc.) the solution treated with absolute ether (10 c.c.). The 
oil which ted (7-5 g.). from acetone raised the m. p. of the 
to (Found 92; Cl, —' ires N, Cl, 116%). The picrate 
crystallised from ethyl alcohol and at-l , H, CyH,,O,N, 
requires C, 57-6; H, 44%) 

(bd) ) and 2-aminoethyl tole iph 
(302 g.) (m. p. 122-124": Oxley and Short, Joc was 
the sohdified mass was recrystalli from aqueous ethy! alcohol. The of sul; 

m. p. 170—174°, was 02-5% (Found: C, 68-5; H, 65; N, 6-7. C, 82; H, 62! 
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6.) and extracted with chloroform. After evaporation of the solvent the residue ey 4 
#¢). After recrystallisation from acetone, the m. p. was 102° (Found: N, 11-3° base 
2-0 ¢) in acetone (2 cc) was treated with 23%, alcoholic hydrogen chloride solution (1-2 ec). 

rystallisation of the crude — fromm acetone gave the hydrated hydrochloride, m. p. 

(Pound: C, 660; H, 74; N, ), whence the base, m. p. 100-5°. could be regenerated 
nitrile by application of Spiegel’s 

ivis. 61. (80 g.), absolute ethyl alcohol (7 
(2-0 cc.) were refluxed for 3 hours at 120-——130° (bath). Ethyl alcoho! was distilled off 
ices nd mixed with water (100 «c) The oil which separated was extracted with 
ether, and the solution was dried and evaporated. The distilled from a Hickman flask at 
138—141° 025 mm. (yield, 65 «) Wishicenus and Eble (Ber, 1917, 253) gave b. p. 
190—-193°/12 mom 

Daphenyl pr oprono-2-aminocthylamide (VII) —The above ester (5-5 and absolute ethylenedi- 
amine to soaked tubo for 19 hours ot After cooling, the excess of 
diamine was distilled off and the residual oil transformed (in ethy! alcohol solution) into the Aydro- 
chloride. Crystaliwation trom ethy! Lore 20 g. of the product, m. p. 214-215" (Found: 
N, Cl, 14-7. raiment wih Cl, 11-6%). From aqueous solution of this the base 
was obtained by treatment with 40 weous sodium hydroxide. Recrystallisation from benzene gave 
white priems, m. p. 118° (Pound 6 C ptf N, requires N, 10-4%) 

—Toa * suspension of the crude imidate hydrochloride 
(prepared from 4-5 ¢ of nitrile) in absolute ethyl alcohol (10 c.c.), 8% absolute ethyl-alcoholx ammonia 
(100 ¢.<.) was added and the mixture was shaken in a closed flask for 3 hours at *. After 12 hours, 
shaking was repeated for a further 2 hours. Ammonium chloride, which separated, was filtered 
and the filtrate evaporated in cacwo at 30-35" (bath) The residue was dissolved in chloroform 
(3 «c ), the solution washed with water, 10% sodium hydroxide solution, and water, and the chloroform 
was distilled off. The oily residue (5-2 g.) is the crude base (VIII: R= H). The purate, after 
from absolute ethyl alcohol, melted at 200-—200-6" (Found C, 55-8; H, 40; N, 15-5. 


requires C, 55-6; H. 42, N, 15-6 
K = Me) —The crude imidate hydrochloride 


Dimethy! AB-dipheny! pr: 
was dissolved in ethyl alcoho! (20 18% ethyl-alcoholic 4 hyl (45 ec) 
was added and the misture wat tet for 24 hours at room temperate Alter evaporation 
the reskive was recrystallised from ethyl ether { hydrochloride, 248", were 
obtained (Found: C, 70-5; H, 7-3; 70-7; H, 7-3; N, 
NN- Pentamethylene (vil NR, N<(CH,),) To the of 
crude imidate hydrochloride (6-2 g ) in absolute ethyl alcohol (30 cc.) pt ine (24) ¢.) was added and 
the mixture set aside for 12 hours at room temperature. It was then evaporated in vacue to dryness 
and gave, as above, 42 g. of Aydrochioride, m. p. 250° (Found: C, 73-1; H, 76. C,,H,.N CI requires 
C, 73-0; H, 7-7%) 
Daphenylaces mdate Hydrochloride solution of (66 ¢), m p. 74, 
red by dehydration of diphenylacetamide (Neure, Anna 250, 142), in a mixture of 


chiorotorm (30 ) and absolute ethy! alcohol (5-0 c.c.) was sat’. “ated with chloride at 0° and 


set aside for 14 days at room temperature in a closed flask ‘Ler evapora the solvents a crude 
product suitable for the preparation of the amidine was obtained 
Daphenylacetamidime (1X) —(a) A suspension of the above imidate hydrochloride in absolute ethyl 
alcohol (20 ¢.c.) was mixed with 8% ethyl alcoholic ammonia (185 c.c.), and the mixture shaken for 2 hours 
at 20°. After 12 hours, shaking was repeated for an hour. Ammonium chloride was filtered off and the 
filtrate evaporated under reduced pressure. The remaining oil was dissolved in chloroform (50 ¢ ), 
the solution washed with 5»-sodium hydroxide and water, and the chloroform evaporated. The 
reskine is the crude amidine. p. 96—O7" (7-1 It a which after recrystallisation 
from ethyl! alcoho! melted at 224-—228" (decomp.) (Pound H, 36. C,H,,O,N, requires 
C, 447; H, 39%). The hydrochloride could not be tained crystalline 
(6) A mixtere of diphenylacetonitrile (2-5 g) and dred ammonium thiocyanate (4-0 g ) was heated 
for 5 hours at 180°. After cooling, the uct was treated with hot water (10 c.c.), and the 
solution filtered. The filtrate was made alkaline with 5x-sodium hydroxide (10 ¢.c.) and extracted 
with chloroform After evaporation of the solvent the residue gave a picrate (6-4 ¢.), m. p 224—-225°, 
identical with the above product 
2. Benshydryl-4 5-dihydroglyoxaline (X).—A mixture of diphenylacetonitrile (9-6 ¢) and 2-amino- 
ethylammonium toluene-p-eulphonate (11-6 ¢.) was heated for 3 hours at 200-—210°, during which 
ammonia was evolved cooled mass was extracted with hot water (500 ml), the mixture made 
alkaline with 5x-sodiom hydroxide (50 ¢.¢.) and extracted with chloroform (200 c.c.). After drying of 
the soletion the chloroform was evaporated off. The residue (619%) is the base. which after 
allisation from acetone melts at 133-—135° Oe ] Amer Chem. Soe., 1939, 61, 3195, gives 
From the base were prepared the 
4 bes. gives 185°) (Pound H,,O,N, ; 56-8; 
at 180—182° 
12-5. Cale. 
CyHy N, Mes au 0%) 


The authors are indebted to Mr. J. Kfetek and Mrs. J. Kfetkova for testing the above compounds 
for antihistaminic activity 
Research anp Conteot Iesrrrere oF Srora, 
Works, 
XI, 11. (Received, September 19th, 1949.) 
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43. The Determination of the Liquid Density of Chlorine 
By A. A. Bawxs and A. J. Ruvor, 


ees aay chlorine trifluoride under its own vapour pressure has been determined 


46° in sealed dilatometers. © to 
report. pur pure triftoride was found to have no detectable action on dry Pyrex gla 
are expressed in the equation 1-8853 — 2042 x 10 — 3-791 


Tue preparation of chlorine trifluoride was first described by Ruff and Krog (Z. anorg 

Z. Naturforsch., 1947, 2a, 362, 363; Domange and Neudorfier, Compr. rend., 1948, 226, 920; 
Schafer and Wicke, Z. Elehtrochem., 1948, 62, 205; Booth and Pinkston, Chem. Reviews, 1947, 
#1, 421; B.1.0O.S. Final Report No, 1595; C.1.0.S. Report No. XXII-17) dealing with this 
compound have appeared in the literature. Ruff and Krug determined some of the physical 
properties of chlorine trifluoride, but neither they nor any of the later workers have reported a 
value for the liquid density. 

The present determinations were carried out on chlorine trifluoride which was prepared by 
direct combination of the elements at 280° and purified by passing the vapour over sodium 
fluoride pellets to remove hydrogen fluoride and then by distillation tm vacuo to remove more 
volatile impurities such as chlorine and chlorine monofluoride. In the absence of a precise 
method of determining fluorine, chemical] estimation of the purity of the chlorine trifluoride used 
was not undertaken. 

The dilatometers were calibrated with distilled water after the measurements on chiorine 
trifluoride had been made; visual examination of the glass at this stage revealed no etching. 
In calculating the results, all weighings were reduced to vacuum, and the weight of chlorine 
trifluoride present as vapour was calculated by the equation 


log p = 742 — 1202 x 10/T 


given by Ruff and Krug (loc. cit.) The density values obtained were fitted to a curve of the 
type d = a + bt + cf* by the method of least squares, giving the equation 


@, = 18853 — 2042 x 10% — 3°79 104 


The experimental results, together with the values calculated from the above equation, are 
shown in Table I. Table II gives the calculated value of the density of liquid chlorine trifluoride 
at regular intervals of temperature and at the boiling point. A direct determination of the 
boiling point has given a value of 12°0° + 01° at 760 mm. of mercury pressure, which is 0°7° 
higher than that calculated by Ruff and Krug from their vapour-pressure measurements. The 
determination was carried out in a Pyrex glass apparatus in which pure chlorine trifluoride was 
refluxed and the condensate allowed to impinge on a thermocouple calibrated against an 
N.P.L. standard thermometer. 

The standard deviation of the calculated values in Table I from the observed values is 


1.8033 3 

1-7657 -3 

1-7655 6 36 

17431 0 


+ 00003 g./ml. 
Taste I. 
d (obs.) — 
d (obs), d (calc), 
«91-8970 1-972 —2 4 26-90 
170 18806-8803 3 26-92 
9-64 18566 18566 38-71 
12-68 13476 1 8474 2 4 38-77 
Taste II. 
HF i2° 20° 25° 20° 35° “or 45° nw 
d (calc) 188563 1-8555 1-8500 1-6403 1-8249 1-8004 17936 1-7777 1-7616 1-7452 1-7287 1-6961 
EXPERIMENTAL. 
The apparatus used is shown diagramatically in Fig. 1. Except for the three valves (1, 2, and 3), 
vt wan of Pyrex lam, the cone fins being sealed with chloro foro 
‘wax which had been shown to be inert to chlorine vapour at normal temperatures. The 
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valves were Negretti and Zambra needle valves which had been caretully degreased, the gland packings 
being replaced with asbestos soaked in a chiorine-triftuoride-resistant chioro-fluoro-hydrocarbon 
oll. These valves were connec with their sea towards the apparatus which could therefore 
be evacuated with the valves closed, without the for ensuring that the glands were vacuam-tight. 

The « atus was rigorously cleaned and dried before assembly, and all the glassware was baked out 
in Paco an bour before use to ensure the com absence of moisture. Chiorine trifluoride vapour, 
from a steel cylinder containing the hquid pressure, was admitted thr valve 1, and was 
diluted with approx. half its volame of dry nitrogen admitted bh valve 3 gas mixture was 
pewed through the hydrogen fluoride jon tube 7 packed with sodium fluoride pellets, and the 
chiorme triftuoride was condensed in trap B cooled in a solid carbon dioxide—trichiorcethylene bath. 
Trap A served to collect = | sxlium fluoride dust blown from the pellets. When sufficient chlorine 
trifleoride had been collected in B. walves | and 3 were closed and the whole apparatus was evacuated. 
The low-temperature bath was transferred from # to C, and the chlorine trifluoride was distilled into 
C. During this distillation, any chiorine or chlorine monofluoride, together with a little chlorine 
trifluoride passed to the calcium chloride tube E which served to destroy the fluorides, and chlorine was 
collected in the traps couled in liquid aiv. The trap C and dilatometer D were sealed off in vacwo as a 
unit at the constritiwns 5, and S,. 

Fic, 


Manometer 


ClFs 
To vert 3% 
Ory 


2 


5 


The liquid chlorine trifluoride was allowed to warm to room temperature and, by tilting, sufficient 
chlorine trifluoride was poured into the dilatometer (shown in detail in Fig. 2.4) to fill it to the required 
level at the temperature at which measurement was to be made. The dilatometer and trap were then 
simultaneously cooled in solid carbon dioxide, and the dilatometer was isolated by sealing off at S,. 
During cooling of the dilatometer with the trap attached, chlorine trifluoride tended to distil from the 
dilatometer back to the trap because of the faster cooling of the trap with its smaller volume of liquid. 
To overcome this, the type of dilatometer shown in Fig. 28, which permits sufficiently accurate 
adjustment of the quantity of chlorine triffmoride to be made at —76°, was used in the later 
determinations. By extrapolation of the density results already obtained, the two bulbs were made of 
such volumes that when t lower bulb was filled with chlorine trifluoride at —78°, the amount of 
chlorine trifluoride present was sufficient to fill both bulbs at the temperature at which it was intended 
to carry out the determination 

The thermostat used consisted of a Dewar flask with clear observation strips, filled with dry carbon 
tetrachloride. This liquid was used in preference to water as a safety precaution, as it had been shown 
to be stable to chlorine trifluoride up to at least 8°. Temperature control above room temperature 
was obtained by manual operation of a variable-voltage power pack supplying carrent at 0-—15 volts 
to a small heating coil immersed in the carbon tetrachloride which was rapidly stirred. A maximum 
of 3 watts power input was required to maintain the highest temperature used. For temperatures 
below room temperature, cooling was effected and maintained by the addition of small pieces of solid 
carbon dioxide. The temperature was measured with a Beckmann thermometer calibrated against a 
set of N_P_L. standard thermometers. The dilatometer was supported in the thermostat by means of a 
rigid wire cradle in such a position that the cathetometer measurements were made through a section 


NaF CaCl, 
pump | | 
a 
1q.-air-cooled NaF 
traps pellets 
Need/e valve | 
Glass tap | 
0 © 
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shown to have the minimum 
the re (+0-401") required to 
lengths of uniform-bore tubing. The height of the meniscus above 
eter was ed using the cathetometer, and the temperature was 
checked after 10 minetes to ensure that temperature equilibrium had been 
Danae ee to be made with the 


Fre, 3. 


3 


, and then emptied using the apparatus shown in Fig. 3. The 
bung. and a scratch made at the centre of the upper measuring 
capillary. A sleeve of thin rubber tubing was placed over the scratch and the bulb of the dilatometer 
was cooled in solid carbon dioxide. The stem was broken under the sleeve, and the fragments of glass, 
which were retained inside the sleeve, were collected. The dilatometer was immediately inverted in 
the tube 4 (Pig. 3) which was cooled in solid carbon dioxide and, by means of a water-pump attached to 
trap B, ee a The bulk of the chlorine triflaoride was collected in A, and the 
d d in trap B cooled in liquid air. The dilatometer was removed, rapidly rinsed 

with water, ene then dried. 

The dilatometer and glass fragments were weighed and the dilatometer was calibrated to the cut with 
distilled water at the temperature of the determination. The height of the cut above the tip of the 
dilatometer was measured with the dilatometer immersed in the thermostat, to minimise any errors due 
to distortion effects of the Dewar flask walls, and the bore of the lary was red by means of a 


thread of mercury. The volume of liquid chlorine trifluoride at the temperature of the determination 
could then be calculated. The volume of chlorine trifluoride at the lower ot cir ure of determination 
was obtained in a similar manner. By a similar technique, the volume of c ine trifluoride vapour 
over the liquid was determined and the weight of this vapour calculated as indicated previously. 


Impertat Cwemicat Inpusteres Limirep, 
Runcorn Laporatory, (Received, October 17th, 1949.) 


44. Some New Curarising Agents. 
By James Watxer. 


(VI). asd. 10 trie 
sulphonium di-iodide (V1) and 1-4 
di-rodide (VIII) have 


A.LTHovuGn the curariform activity of ‘onium cations has been known for many years, none has, 
until recently, been known to exert an effect comparable in magnitude with that of the active 
constituents of native curare. The elucidation of the structure of (+)-tubocurarine chloride 
(I) by King (J., 1935, 1381; 1939, 1157; 1948, 265) and its introduction as an adjuvant in 
anaesthesia (Griffith and Johnson, Anesthesiology, 1942, 3, 418; Cullen, Surgery, 1943, 14, 261) 
have, however, provided a stimulus to further search for other compounds with similar properties. 


11950) 193 
of the unsilvered strip 
maintained for § hour 
to the centre of one of 
the lower trp of the dil 
These measurements 
attained. Raising or 
other section of 
Fis. 2. 
A B A 
| 
Succinoyicholine dibromide has also been studied. 
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This work has been recently reviewed by Bovet and Bovet-Nitti (Experientia, 1948, 4, 325; 
Rend. Ist. Superiore di Sanita, 1949, 12, Parte 1—II1, Numero speciale sui curari di sintesi) and 
by Paton (J. Pharm. Pharmacol., 1949, 1, 273), and, as the earlier work relating curariform 
activity with chemical constitution bas been reviewed by Ing (Physiol. Rev., 1936, 16, 527) and 
by Craig (Chem. Reviews, 1948, 42, 285), it is only necessary to indicate here the trends which 
recent work has taken. Bisbenzylisoquinoline quaternary salts closely related to, and 
structurally reminiscent of, (+ )-tubocurarine chloride (I) have been shown to have paralysant 


OCHyCHyNEt! 
OCH yCHy NEt 


properties similar to those of (I) (Marsh ef al., J. Pharmacol., 1948, 92, 454; 1948, 98, 109; 
1949, 95, 100; Feder. Proc., 1949, 8, 318; Collier ef al., Nature, 1948, 161, 817; Stoelting ef al., 
Anesthesia and Analgesia, 1949, 28, 130) but to possess no marked advantages over the latter. 
Bovet and his collaborators (Compt. rend., 1946, 223, 597) attempted to analyse the structure 
of (+)-tubocurarine chloride (I) and observed marked activity in 1 : 5-bis-(8-quinolyloxy)- 
pentane diethiodide (3381 R.P.) (II). In subsequent phases of this work, Bovet’s group has 
examined substituted ethers, including choline ethers, of phenols and polyhydric phenols (ib:d., 
1947, 225, 74), among which pyrogallol trisdiethylaminoethy! ether triethiodide (‘ Flaxedil "’), 
(3697 K.P.) (111) has received clinical application (Maushin ef al., Lancet, 1949, 1, 726). Choline 
esters of dibasic aromatic acids were moderately active but their action was more transient 
(Bovet ef al., Helv. physiol. Acta, 1948, 6, C52). 

The most potent synthetic compound hitherto obtained was discovered independently by 
Barlow and Ing (Nature, 1048, 161, 718; Brit. J. Pharmacol., 1948, 3, 298) and, in this Institute, 
by Paton aad Zaimis (Natere, 1948, 161, 718) in decamethylene-1 : 10-bistrimethylammonium 
di-iodide (C10, “ Decamethonium iodide") (IV), which has already proved satisfactory in 
clinical use (Organe, Paton, and Zaimis, Lancet, 1949, 1, 21; Organe, sbid., p. 773; Davies and 
Lewis, ibid, p. 775; Hewer ef al., ibid., p. $17; Hobson and Prescott, :id., p. $19). Further- 
more, higher and lower homologues were less active than (IV) and pentamethylene-1 : 5- 
bistrimethylammonium di-iodide (V) actually antagonises the relaxation produced by (IV) 
(Paton and Zaimis, Nature, 1948, 162, 810; Organe, Paton, and Zaimis, Joc. cit.). The feature 
common to all the more active compounds, despite certain differences in their pharmacological 
action, is that two quaternary ammonium groups are separated by a chain of between 8 and 
12 atoms, indicating that the essential structural requirement for high activity may be that two 
such groups should occupy positions optimally separated in the same molecule (Barlow and Ing, 
Joe. ext.; ef. also Kimura ef al., J. Pharmacol., 1949, 95, 149). The present communication 
describes several extensions of this thesis and includes sulphonium types, 

Decamethylene-1 10- (V1) and pentamethylene-1 5-bisdimethylsulphonium di-todide (VII), the 
sulphonium analogues of (1V) and (V), were obtained by the addition of methyl iodide to 
1: and : 5-bismethyithio-n-pentane respectively. Decamethylene-1- 
dimethyloulphonium-10-trimethylammonium di-iodide (VIII), a hybrid of (IV) and (VI), was 
obtained by converting ethyl w-bromoundecoate into ethyl w-methylthioundecoate and then 
methylating the L0O-methylthio-n-decylamine hydrochloride obtained by Curtius degradation As 
the two quaternary ammonium groups in the succinic ester of choline are separated by a chain 
of 10 atoms, thereby complying with the above postulate, choline succinate dibromide (IX) was 
prepared and examined. Shortly afterwards it was learned that Bovet and his collaborators 
had also examined this ester (Gazzefia, 1949, 79, 129; Rend. Ist. Superiore di Sanita, 1949, 12, 
106), and the appearance of a note by Phillips (/. Amer. Chem. Soc., 1949, 71, 3264) on aliphatic 
dicarboxylic acid aminoethyl ester alky! iodides is a further indication of the interest aroused 
in purely aliphatic compounds by the work of Paton and Zaimis (locc. cit.). It should be noted 
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in passing that (IX) may be considered as being derived by linking two molecules of acetyicholine 
through the acetyl groups by the removal of two hydrogen atoms. Although the distance 


head-drop Mean relative 
Compound. dose (mg. /kg,). molecular activities. * 
(VI) 
(VIL) >38 
(VIIT) 0-35 316 
CO-O-CH, CH, NMe,} Br 
| 270 
H,-CHy CH, 
(IV) 0-10—0-12 100 
(1.) (+)-Tubocurarine chloride 0-22—0-23 140 
(IIL) “ Flaxedil ” 05 383 


* Expressed as percentage of the activity of (IV). 


between the two quaternary ammonium groups in (1) is fixed by stereochemical considerations, 
the separation of the two charged groups in the aliphatic and mixed aromatic-aliphatic types is 
not uniquely determined, apart from the fact that the two charged groups will be mutually 
repulsive. As an example of a rigid structure, 4: 4'-bis(dimethyla thyl\diphenyl di- 
mathiodide (X) was prepared, since, in this substance, the fourteen carbon atoms forming the 
the compound, however, was found to be less active 
than (I), (IV), or (IX). 1: 4-Bis-(3-dimethylaminopropory)benzene dimethiodide (X1), obtained 
by methylation of the corresponding diprimary amine hydrochloride, is a higher homologue of 
the choline ethers of quinol studied by Bovet and his colleagues (Compt. rend., 1947, 225, 74). 
The compounds described in the present communication were kindly tested by Dr. W. D. M. 
Paton and Dr. E. J. Zaimis using the rabbit “ head-drop “ technique, and the results are recorded 
above. It is noteworthy that the decline in activity in passing from (IV) to (VIII) and (V1) 
closely parallels the observations of Ing and Wright (Proc. Roy. Soc., 1933, B, 114, 48) on the 
relative activities of the tetramethylammonium and trimethylsulphoni ions. 


EXPERIMENTAL. 
Decamethylene-1 : 10-diisothiourea Dihydrobromide.—A solution of decamethylene dibromide (15 g.) 
thiourea (7-6 in alcoho! (150 c.c.) was refluxed gavea 
with ammoniaca! silver nitrate, about 5 hours being obromide 
alcohol in clusters colourless, rectangular plates, m. Fes : N, 12-7. 
10- Bismethylthio- n-decane foregoing dihy 


robromide was dissolved in n-sodium 
hydronide solution (180 c.c.) with h gentle warming on the water-bath the small amount of oil which 
eens ee ene by addition of a further small volume of alkali. The cold, filtered, 

line solution was shaken with methyl todide Sess. 2 mols.) for 3 hours and the resulting oil was 
extracted with ether, hed with aq . dried, Distillation 


and recovered ( 
aflorded the bismeth yithio-com mobile ol 105-100" 18 mm, 14946 


(Pound : C, 61-3; H, 11-1 H, 

Decamethylene-\ \0-bisd: Di-iodide (V1).— The preceding bisthioether (7-1 g.) was 
treated with methy! iodide (4 c.c.) rand methy! a alcohol (2 ¢.c.) wasadded. The mixture gradually 
separated from methy! alcohol 1-5) in small, stout, colourless prisms (12-3 g.), m. p. 


(effervescence) (Found : %, fu requires C 32-4; H, 62%). 
5-B n-pentane ——A dibromide &) and thiourea 
in alcohol (100 cc} was refluxed unt all thiouren had reacted on removal of the solvent 
the residue The crude bisthiuronium bromide was decomposed with 10% aqueous sodium 
hydroxide solution (130 ¢.¢.) in the manner described above, and the filtrate was shaken for 3 hours 
Methyl iodide (6-6c.c.). The bismethylthio-compound was Sneen b. p. 128°/22 mm., 


1-8108 (Found : C, 51-4; 102, requires 51 C512: 9:05 
muthyh todide (0 cc), and methyl alcohol (9 cc) were OT” 


Walker: Some New Curarising Agents. 


tthylthtoundecoats Bromoundecoic acid (Ashton and Smith, 1934, 1308) is convem- 
recommended Walker and Laumaden (/,, 1901, 70, 1196). Carbethoxyundecy 

hydrobromide (26-1 prepared from equimolecular amounts of ethyl bromoundecoate and thiourea 
in the usaal manner, was dissolved in alcohol (50 c.c.) and treated with alcoholic sodium ethoxide (from 
143 ¢. of sodium and 25 ¢.c. of alcohol). After 2 hours at room temperature a further equivalent of 
alcoholic sodium ethoxwte was added. The filtered solution was then treated with methyl iodile (4-7 c.c.) ; 
heat was evolved, and the mixtere was left ns een The was removed 
by distillation, ester, recovered in ether, washed, dried, and distilled, ofl 
mm. C, 668; H, 107. C,,H,,O,S requires C, 64-6; 


ey lkaline hydrolysis of the ester, was a waxy solid and 
aiieed easly The benzamidine salt ted from 25% alcohol in colourless, 
92° (Found: C, 65-1; H, N, 70 requires 


The ae RY obtained by refluxing the ester with a slight excess of 90% hydrazine hydrate ia 
» propyl alcohol for & hours, separated from that solvent in fine, colourless needles, m. p. 88-—89* (Found : 
C, 589: H, 10-4; requires C. 58-5; H, 10-6; N, 11-46%) 

10- Methylimo-n -decylamene Hydroc The preceding hydrazide (10-5 in alcohol 
(200 ¢.c.) was treated in a freezing mixture with a concentrated q ad nitrite 
(2-6 g.), and concentrated hydrochloric acted (6 ¢.c.) was added dropwise during about Po minutes. The 
mixture was then dileted with ice-water (800 c.c.) and extracted with benzene. The washed benzene 
extract was dried and warmed slowly on the water-bath and finally boiled for 15 minutes. Most of the 
benzene was then distilled off and the ressdue was treated with concentrated hydrochiorc acid (25 cc 
and warmed on the water-bath for a short time. The acid solution was diluted with water, extrac 
with ether, made strongly alkaline with sodium hydroxide, and again extracted with ether. The 
resulting oily — (4-0 g) was treated with excess of alcoholic hydrogen chloride and the alcohol was 
dustilled off The Aydrochionds separated from ethyl acetate, or from a smal! volume of water, in rosettes 
of small, colourless plates, m. p. 160-—161° (Found: C, 55-1; H, 106; N, 5-9. C,,Hy,NS,HCi requires 
C, 561, 10-0; N, 5-8%). 

Decamathylene-\ dimethyl ph Di-iedide (VIIT).—A solution of the 
preceding hydrochloride (1-2 ¢ ) and eodiem hydroxide (1-32 g.) in methy! alcoho) (20 ¢.c.) was refluxed 
with methyl iodide (3 cc.) for 7 hours. The neutral solution was filtered from sodium chloride and 
exhaustively evaporated to dryness with absolute alcobol. The residue was treated with warm acetone 
to dissolve the sodium iodide and the insoluble product (2-53 ¢.) was collected and washed with cold 
acetone. The di-todide separated from absolute alcohol in clusters of colourless plates, m. p. 136—137° 
(effervescence) (Found: C, 347: H, 70; N. 26. C,,H,.NSI, requires C, 34-9; H, 6-0; N, 2-7%). 

Di-2-bromeethyl Succinate.—-A mixture of ethylene bromohydrin (35-2 c.c.), succinic acid (23-6 g.), 
benzene (80 c.c.), and concentrated sulphuric acid (1 ¢.c.) was refluxed for 12 hours on the water-bath. 
The mixture was diluted with ether and water, and the upper layer was thoroughly washed with sodium 
hydrogen carbonate solution, dried, and fractionated tee he compound was obtained as a pale yellow 
ol (37), 160°/3 mm, 5023. erystallising on immersion in a freezing mixture (Found: C, 28-9; 
H, 39. Cale. for C/H,,0,Br,> C, 28-9; H, 36%). Glick (/. Biol. Chem., 1941, 187, 357) records b. p. 
mam., and’ of al. (Gassetia, 1960, 79, 139) record b. p. 150°/1—2 mm. 

Smee tnoyleholine Dibromide (IX).—-A mixture of the above ester (25 g.), benzene (18 c.c.), and 
trimethylamine (9 g.) was heated in a sealed tube at 90° for § hours. After cooling, the u layer of 
benzene was dex anted and the residual gum was triturated with alcohol. The resulting white powder 
(17-3 g ) was collected, washed with alcohol and dried. The substance separated from absolute alcohol 
o colourless, microcrystalline powder, m 5 211° (Found: C, 37-1; H, 64; N, 64. Cale. for 

ON, Br, C, 37-4; 67; PN 62%) et al. (loc. cit.) record m. p. 219° but no analytical 
data oe this salt, and Glick (lee. cit.) oma a bromine determination but no 2 

diphenyl Dihydrochloride 4'-Dicyanodipheny! (23-5 was reduced in 
methy!-alcoholic ammonia (630 ¢.c.; 12%) in the presence of Raney nickel (5 g.) with hydrogen at 60 atm. 
The mixture was warmed to about 65° and reduction was complete in about 2 hours. The catalyst was 
filtered off and the solvent removed by distillation, leaving a brown syru The crude base was dissolved 
im excess of 2n-hydrochloric acid, and the solution, treated with charcoal, was concentrated to saturation 
at the b. p. On cooling, the dihydrochloride crystallised in colourless thin, transparent, rectangular 

lates (21:3 ¢.), m. p. above 350° (Found: C, 592; H, 65; N, 99. Calc. for C,,H,,.N,2HCI: C, 
90; H, 63; N, @8%). The observation by Albert ef ai. (J., 1947, 1454) that the crystals of this 
salt acquire a blue tint on exposure to light was confirmed. 

diphenyl Dimethiodide (X).—The preceding dihydrochloride g.) 
was treated with sodium hydroxide (3-6 ¢) and methyl iodide (7 cc.) in methyl alcohol (60 c.c.) u 
salen for 6 hours. The alcoho! was distilled off and the residue was crystallised: from water, the 
ans vdide rh reat in fine colourless needles (4-8 g.), m. p. above 350° (Found: C, 43-4; H, 5-6; N, 

Colia™, |, requires C, 43-5; H, 5-4; N, 51%). The crystals of this salt also acquired a blue tint 
exposure to fighe 

1: Di-(3-aminopr pony) Dihydrochloride.—1 4-Di-(2-cyanoethoxy)benzene (22 g.) (Cook 
and Reed, f. 1945, 920) was reduced in alcoholic ammonia (500 c.c.; 10%) in the presence of Raney 
nickel (7 g.) with Rares at 20 atm. The catalyst was removed, and the: solvent and ammonia wese 
dustilled off. The residue was taken up in excess of 2-hydrochloric acid (charcoal) and the solution was 
concentrated, a crystalline solid (21:1 ¢.). The dihydrochloride ted 70% alcohol in 
clusters of colourless, irregular plates, m. p. 313-314" (Found: 484; 75. 2. 

requires C, 48-5; H, 7-4; N, 94%) 
Dimetbiodide (X1).—A solution of the dihydro- 
hydroxide (3-6 g.) in methyl alcoho! (50 c.c.) was refluxed with iodide 


could not be rect 
Ope plates 
q 
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DO on) Se 0 Same. The solid (6-8 g.) which separated from the reaction mixture consisted of the 
mixed with sodium chlorade. tion from alcohol afforded the dumethiodide in 

H, 65 Nol, requines 45,48. Found material dried at cles: Wes. 


C, 365; H, 63; 46%, 


The author is indebted to Drs. W. D. MS, Soon 008 ©. 5. Zaimis for undertaking the biological tests, 
and to Mr. W. A. L. Marshment for assistance in the preparation of starting materials. 


National Institute ror Mepicat Researcn, 
Lonpow, N.W.3. (Received, October 14th, 1049.) 


45. The Synthesis of Piperidine Derivatives. Part IV. 
4-Phenyl pi peridols. 
By G. M. Bavorr, J. W. Coox, and G. M. S. Dowarp, 


to prepare 4-acyloxy-4-pheny!-2 (II 
od ted t the tetrahydropyndi 
were ra 
‘which bes ted the preparation of O-acyl and O-alky! derivatives. 


Tue introduction by Eisleb and Schaumann (Deut. med. Wochenschr., 1939, se 967) of ethyl 
(" Pethidine"’) as an analgesic of considerable 
potency has stimulated the examination of many new piperidine derivatives. The objective 
of such work is to prepare not only compounds of greater potency, but also those having no 
tendency to produce tolerance, drug addiction, and other undesirable side-effects which are 
characteristic of morphine and some of its derivatives. Although several highly active synthetic 
analgesics have been obtained it is evident, as a result of the wide clinical use of two of them 
( Pethidine,”” “‘ Amidone "’) that the problem of drug addiction has not been solved (sce 
Bergel and Morrison, Quart. Reviews, 1948, 2, 349). 

An interesting series of compounds (type I) has been described by Jensen and Lundquist 
(Dansk. Tidsskr. Farm., 1943, 17, 173) and by Ziering, Berger, Heineman, and Lee (j. Org. 
Chem., 1947, 12, 894). They were obtained by the action of aryimagnesium halides on }-alky!- 
4-piperidones to give carbinols which were esterified with a variety of acids. One of these 


Pin_O-COR’ Ph, O-COR’ 
/ HyOH 


| 
H,C—CH, (IIL) 


(I; R = Me, R’ = Et) was shown to have three times the analgesic activity of morphine in 
the experimental animal. The importance of configuration of the molecule was shown by 
examination of a further series of compounds similarly obtained from | : 3-dimethyl-4- 
piperidone (Ziering and Lee, ibid., p. 911). The present communication is concerned with 
attempts to prepare related compounds (of type II) which are related to the natural 
antispasmodic atropine (III) in the same sort of way that the cucaines are related to cocaine. 
2: 2: 6-Trimethyl-4-piperidone (vinyl iY ine) (IV; R = H) is readily obtained by 
of (4-amsino-4-methytpenten- 2-one) and acetal (B.P. 101,738), 
bromide desired 


and on treatment with phenylmagnesium 
and 96°. It was characterised as the hydrochloride, 
1:2: 2: 6-Tetramethy!-4-piperidone (N-methylvinyldiacetonamine) (IV; R = Me) is not 


| Z rer 
{ MMe Me Me | Me 

Me Me Me Me 

avy (Vv) (VI) (VIL) 
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readily availabie, however, as it cannot be obtained by direct methylation of (IV; K =< H) 
On the other hand, the carbinol corresponding to (IV), namely, 4-hydroxy-2 : 2 : 6-trimethyl- 
piperidine, is easily N-methylated directly. As expected, therefore, N-methylation of the 
- trimethyipiperidine (V; RH) proceeded without difficulty, to give 

i (V; R = Me), characterised as the Aydro- 


Both carbinols (V; RK = H and Me) were readily dehydrated by warming them with 
alcoholic hydrogen chloride, to give 4-phenyl-2 : 2: 6-trimethyl- (VI or VII; R= H) and 
4-phemyl-1 2: O-tetramethyl-1: 2:5: 6(0r 1:2: 3: @)-tetvahydropyridine hydrochloride (VI 
or VIL; Ro « Me). Indeed, the dehydration was effected with such facility as to render the 
preparation of O-acyl and O-alky!l derivatives difficult or impossible, and for this reason 
attempts to obtain esters of type (II; R « Me) had to be abandoned. 

When the magnesium complex from 2: 2 ; 6-trimethy!-4-piperidone and phenylmagnesium 
bromide was treated with acetic anhydride, the product consisted of a mixture of hydroxy- 
phenyltrimethylpiperidine (V; K H), phenyltrimethy!tetrahydropyridine (VI or VIL; RK = 
H), and, curiously, 4-acelony-4-phenyl-2 ; 2 : 6-trimethyl piperidine acetate (acetate of IL; R = H, 
R’ « Me), which was also characterised as the Aydrochloride. The formation of this acetate is 
interesting, aa it is evidently formed during distillation, by partial decomposition of acetoxy- 
phenyltrimethylpiperidine with liberation of free acetic acid which then combines with another 
molecule of acetoxyphenyltrimethylpiperidine, to give the salt. Direct acetylation of hydroxy- 
phenyitrimethylpiperidine (V; RK = H), with acetic anhydride, gave 4-hydroxy-|l-acetyl-4- 
phenyl-2 : 2. Gtrimethylpiperidine, together with unsaturated material (VI or VII). In the 
N-methy! series, the dehydration was found to be equally ready: under mild conditions, no 
reaction occurred, while under mote vigorous conditions the base underwent almost complete 
dehydration. This resistance to acetylation is curious, as earlier workers experienced little 
difficulty in the preparation of compounds of type (1). 


EXPERIMENTAL. 


4-Hydroxy-4-phenyl-2 2. 6-trimethylpipersdine (V; RK = H).—To a Grignard solution (50 
from bromobenzene (66-8 rousether (150 c.c.), 2: 2: 6-tri- 
methyl-4-piperidone (20 738) in ether (25 was added dropwise, with stirring. When the 
vigorous reaction had subsided, the solution was refluxed for a further hour, cooled, and then decom 
with ice and ammonium chloride. After being kept overnight the solid was collected, dried, extracted 
with ether to remove ether-soluble products, and recrystallised from ethanol-ether. Basification with 
sodium hydroxide, and extraction with ether, gave 4-Aydrosy- 2: 
(3 as colourless needles, m. p. from light petroleum C, 76-7; H N, 6-6. 
‘aah nN requires C, 76-7; H, 96; N, 64%). After distillation in a vacuum, it was obtained in the 
tless prisms, m. p. 96-07", which on recrystallisation from light 
The pier in ether and rec 
water, formed yellow prisms, m. p. 188-—189° md: C, 53-46; 
requires C, 63-6; H, N, 124 The Aydrogen oxalate, 
=a trom ethanol ether, formed small co Pe. needles, m. p. 201-—-202° (decomp.) (Found : 
2, HL 7-5, N,4@8 yO N requires C, 62-1; H, 7-4; N, 45%). The Aydrochi prepared 
in pond and crystallised from ethanol ether, formed colourless prisms, m. p. 247—248° (Gecomp.) 
(Pound C, 65-8, H, 86; requires C, 65-7; H, 86; N,5-5%). Inthe ation 
of this derivative a small quantity of the product of dehydration (see below) was also i ted. The 
outs = colourless prisms, m. p. 223-224" (decomp.), from acetone (Found: C, 60-2; H, 8-9; 
N, H,,O,N requires C, 68-8; H, 0; N, 5%). 
2:0: Gor me (VI or VII; R= H).—A 
solution of the above hydroxyphenyltrimethylpiperidine (1-75 ¢.) in ethanol (15 ¢.c.) was saturated 
with bydre chioride and then heated to 80°, for 6 hours, during which the solution was period 


re-saturat with hydrogen chloride. The solution was then cooled, basified with dilute sodium 
h solution, and extracted with ether. Evaporation gave a brown oil, b. 
ey &); the pale yellow distillate darkened on storage. 
hydrochloride, prepared from the base 
prisms, m 266-267" (decomp.), from ethanol-ether (Found: C, 706; H, a3: 


CoshlagNC! requires C, 8; H, 84; N, 5-9%) The hydrogen oxalate recrystallised from ethanol-ether 
in small colourless needles, m. p. 207-208" decomp.) (Found: C, 65-8; H, 60; N, 5-1. CygH,,O,N 
requires C, 660: H, 72; N, 48%). 

4-Acetory 4-phenyl-2 ? 6-trimethylpiperidine 2: 6-Trimethyt was treated 
with a 50% excessof bromide, as above, and the ted pew 13 hours. 
Acetic anhydride (1 in ether, was added to the cooled solution, which was then refluxed for a further 
® hours, cooled, and + eNom with tee and 6w-hydrochioric acid. The aqueous layer was separated, 
basified, and extracted with chloroform. Distillation of the residue gave 2: 2: 6-trimethyl-4-piperidone 
(0-7 g.) a ol 110—130°/2 mm. When oil was set aside, a pall amount of 
crystals separated from ethanol-ether ga -2: 2: 6-trimethyl- 
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requires C, 67-3; H, 8-4; N, 44%). 44 
in the usual way from = 


acetic yt ty 
colourless solid. washed with 


2: 


H, 8-8; N, 5-4%). 
H Re Me)—A mixture of 4b + 
formaliehyde (2) was bea 


C,,H,O vires C, 72:3; ochloride, prepared in 
from formed colou (Pound: C, 66-6; H, 89; 


not pony and 
pyridine, or a trace of concentrated por =a Be acid caused dehydration in varying degrees 

An unsuccessful attempt was also made to achieve acetylation by treatment with eth magne 
— 30,188) reaction of the resulting magnesium complex with cold acetic anhydride 

1906 ) 

4-Phenyi-1 2: 2 6-tetramethyl-1 2.5: 1: (VL or VIL; R Me). 
A solution of the above ey htetrametiyippernine (0-5 g.) im ethanol (10 c.c.) was saturated 
with hydrogen chloride and heated to 80° for rs, during which the solution was ically 
re-saturated with chloride. Basification sodium h and extraction with ether, 


ydro 
4-Phenyl-1: 2:2: 2:3: 6)-setrahydropyridine prcrate 
te from this oil in ethanol and, after from ethanol formed 


1—162° (decomp.) (Found: C, 57-5; H, 54; N, Cy H requires C, 57-6; H, 5-4; 


{ Scientific and Industrial Research for Allowance (to G. M. S. D.) 
5 have been carried out by 20s. J. M. L. Cameron and Miss R. H. Kennaway. 


University oF GLascow. (Received, October 26th, 1949.) 


46. The Automatic Recording of Freezing-point Curves. 
By E. F. G. Hertmoton and R. Hawpiey. 


The methods in for id the 
technique are described which avoid tas tn thee procedures, 


Rossini, J. Res. Nat. Bur. Stand., 194i, 26, 591; Taylor and Rossini, sbid., 1944, 32, 1947; 
, Streiff, and Rossini, sbid., 1945, 86, 355; Stull, Ind. Eng. Chom., Anal., 1946, 18, 234; 
Schwab ‘and Wichers, “ igre Sav ene its measurement and control in science and — 


vigorously and by using a cooling bath some 80° lower in 
of the sample under investigation. The rate of cooling is selected by varying the gas pressure 
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2:2 ide, obtained 

ethanol-ether (Found: C, 64-3; H, 79; N, C,,H,,O,NCI requires C, 645; H, 81; N, 

Crystailisation from ethanol ether gave colourless ™. p. (decomp.), of 4-phenyl- 
2:2: 6trimethyl-1 2: 5: by direct 
comparison with a specimen prepared as above, and also by Boning FZ C, 709; H, $3; N, 
nethyipiperidine (1 ¢.) by refluxing it with 
carbanols of simi structure was 7y jensen and Lundquist (jcc. am Ziering ai. 
(loc. cit. and J. Org. Chem., 1947, 12, 904). Their methods have been used and extended in attempts to 
acetylate 4-hydroxy-4-phenyl-I : 2: 2: 6-tetramethylpiperidine, but without avail. Thus, treatment 
with acetyl chloride in the cold, with or without an inert solvent (ether, benzene) resulted in complete 

Recorps of the variation of temperature with time obtained during the freezing of a liquid 
are now widely used as the basis of a test for chemical purity. The conditions under which 
such curves can be employed to determine the impurity m a given sample have been discussed 

Essential conditions for the application of the freezing-point method are the maintenance 
of thermodynamic equilibrium between the liquid and crystallised solid while heat is withdrawn 
from the system at a controlled rate. These conditions are usually maintained by stirring 


Herington and Handley : 


surrounding the specimen during the preliminary cooling. The temperature of 

uid system can be measured by means of a platinum resistance thermometer and 

has developed an automatic temperature recorder which is activated by a small 

platinum saliieate thermometer. We have recently described an apparatus for recording 

temperature changes which makes use of a thermistor as the t ture itive element 

(Herington and Handley, /. Sei. Jnst., 1948, 25, 434). For any desired temperature sensitivity 

&@ more robust recorder can be used with a thermistor than is required by a platinum resistance 

ther eter, and er the heat capacity of a thermistor is very small. The advantages 

of using smal! thermometers of low heat capacity in the freezing-curve technique were recognised 
early in the history of the subject by White (Joc. cit.). 

Various types of motor-driven stirrers which may be used in the freezing-point apparatus 
have been described by Rossini et al. (loc. est.) but these all cease to operate when only a fraction 
of the liquid has frozen. This failure of the stirrer affects the rate of cocling and as a result a 
change of direction in the curve suddenly appears at the point where the stirrer stops (see 


Fis. 1. 


= 


Dewi temperature recorder 
(OA ferent fer curve 2 compared with curves 183) 


Curve 1. with mechanical stirrer. 
Curves 2 and 3.-Obdtained with apparatus described im this paper. 


Fig. 1, curve 1), Inspection of curves obtained by other observers reveals that this behaviour 
is common and is not peculiar to the mechanically-stirred equipment which we used at the 
outset of our work. In motor-stirred apparatus the liquid is usually protected from contact 
with atmospheric moisture by the passage over the liquid surface of a stream of purified air 
which is allowed to escape through the gland around the shaft of the stirrer. 

An alternative method for securing mixing and preventing contact with moist air is to use 
a sealed-in stirrer operated by a solenoid (Stull, Joc. cat.), but in this case also the stirrer stops at 
rather an early stage during the freezing and it is necessary to ensure that no electrical 
interference is produced in the temperature-measuring circuit by the current in the solenoid. 

Schwab and Wichers (loc. cit.) have sought to overcome these difficulties by employing a 
stream of gas bubbles introduced into the liquid through a fine sintered-glass diaphragm. This 
method has much to recommend it but is not particularly suitable for work when a large number 
of compounds is to be examined, because of the difficulty of cleaning and drying the sintered- 
giass plates. 

In the apparatus we describe, adequate mixing has been obtained by applying a pulsating 
gas pressure to the liquid surface in such a way as to produce oscillations in a U-shaped column 
of the liquid being frozen. Thus mixing of the liquid phase continues until practically all the 
specimen has frozen while at the same time the material is kept out of contact with moist air. 
The apparatus is easily cleaned and only 10 c.c. of liquid are required for a determination of the 
freezing-point curve, 
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EXPERIMENTAL. 
The temp ding equipment freezing-powmt apparatus discussed separately 
although they are in fact im eS — 
from —40° to 140° 


and Handley, ice. cit.), except that 
millivolt-meter have the pho! i i 


at will. 
waich con now be cbtained it has been established that tull-ecale 
deflection of 100 divutons (3} in) equal to diflerence of 034° for tures around with 
use of the 5-mv. range on ohms resistance at room 


for example. 


to study the freezing-point characteristics of sam to Messrs. Standard 
Telephones and Cables Ltd 


been obtained by | this thermistor as es part of one of the 
it 1 megohm each, and wth 120 volts 

across 
oh lon ermometers constructed according to the design of Stock (Z. Electrochem, 1923, 
29. ), but with an additional pocket for the thermistor, may be used for the calibration of t thermistors 
avoid difficulties which may arise from the different speeds of reeponse of the two temp sensitive 


~The dimensions of the apparatus are of some importance and are 
is drawn to scale. A fluctuating gas pressure is produced in the gas line F 


1947, p . Compressed air for working the meter has been obtained from a | 
delivering gas at 20 Ibs. sq. in., but we have established that a satisfactory source 
small rotating blower of the t commonly used by glass blowers. The air stream causes the pressure 
to rise in the gas line F until the mercury is driven over the narrow loop in E, and then the rein F 
suddenly drops. These pressure fluctuations set up ee eee eae . The gas 
above the liquid in the left-hand limb of the U tube is alternately compressed and mop oe 
of the pressure pulses, and this produces oscillations in the mercury manometer M. volume of the 


gas in the compression chamber L is critical and can be adjusted when the tus is first set 
up by varying the amount of mercury in L until the best mixing of the liquid in the U tube is obtained 
movement of the mercury in M gives a visual indication of the rate and magnitude of the surgin suing 
of the liquid which is being frozen. The main air stream passes to waste after traversing the trap 
Scene in liquid air, which has been inserted to reduce the re pressure of mercury in the effluent 
The gas which pulsates to and fro immediately above the liquid in the right-hand limb of the 
tube slowly interchanges with the gas in the line F. The liquid sample is protected from any 
impurities in this main air line by the column of silica gel G. 

Efficient mixing in the U tube is produced by the stainless-steel helices of external diameter 3/8 in., 
made of wire of 1/16-in. diameter. 

The U tube has square corners to allow the thermistor pocket to terminate at a point very near the 
bottom of the left hand limb. The position of the sensitive thermistor tip is important as visual 
inspection has shown that the last drops of —_ collect at this point at a time when the whole 
is nearly frozen. The thermistor is inserted in the pocket so that the sensitive tip is 1 mm, from 
bottom of the inside of the pocket. 

The design of the helices was conditioned by the following observations. Adequate mixing does 
not occur if the U tube is em without helices, for the liquid then moves as a whole with merely 
local turbulence. On the ot “hand, restriction of free movement by too many baffles causes the 


two sections can be equalised by manipulating the tap J, and this is done from 


the 
ing temperatures have been suggested elsewhere (¢.¢. 
The rate of cooling is ad by varying the gas pressure 
stages of 4 jacket is silvered except for two 
windows. The jacket P can be evacuated by means of 
immersed in liquid nitrogen inserted 
ig. 2). The system of vessels, A, B, 
rs. has proved to be useful for the introduction of controlled amounts of air to the vacuum 
approximate volumes used were A = 0-6c.c.,B = and D 
atmospheric pressure is admitted into 4, and portions of this mass of gas can be 


ore 


have two sensitivity ranges to 5 | mv. fora | thon on 
chart. A less sensitive galvanometer has been incorporated in the circuit to assist in the preliminary 
balancing of the bridge and press-button switc . has been used so that the out-of-balance current 
elements 
indicated in Fig. 2 b 
by means of the pulsing meter E. The construction of this meter and its use im another connection 
have been described in a communication from this laboratory (Preston and Worthington, Chem. and 
. 
rapped in small pockets, and then the thermistor fails to record the temperature of 
lid mixture. The result of inadequate mixing is to produce a freezing curve of the 
mage 203 for a discussion on the shape of the curve) 
left-hand section of the U tube is in a closed system bounded by the aaa = Se 
one side and by the liquid in the freezing-point apparatus on the other, and t fore 
; als the pressure of this gas falls. The average gas pressure in the other limb of the 
' mains constant, because as the temperature falls more air is taken in from the line F. 
he 


with the ground ¢ 
beartngs, 3/32 in diameter, are cooled in the vertical tube of 


Compression chamber. 

Mercury manometer. 

Caf carryeng stor pocket. 
Dewar flash with vanable vacuum 
W coden Platform supporting U tube. 


zo 


tube into the right-hand side of the U tube when crystallisation is to be induced. This method does 
supercool readily or with liquids which freeze 
at a very low temperature, but where this tec 
moisture is avoided. An alternative method is to insert a stainless-steel rod through « (Fig. 
while the pulses are momentarily stopped, simple , 

substances having more than one crystalline form (¢ ¢., e-picoline). i 

mace by passing a thin stainless-steel rod down the centre of a close-fitting glass tube has proved useful 
because a plug of solid can be caused to crystallise in the tip of the ejector and can then be held until 
qooding ts ot ahich the erputaltine The solid can 
be ejected into the supercooled liquid by a thrust on the stainless-steel plunger.. 


202 Herington and Handley : 
end velume af thio gue at low can bo admitted to the 
The U tube most be held symmetrically within the jacketted vessel P. and centring of the tube 
ensured by the wooden platform Q which is held rigidly in position by a collar (see Fig. 2). 4 
The method chosen to induce crystallisation im the slightly supercooled liquid depends upon 
lass 4 Two steel ball 
These 
balls can be moved ep the tabe by means of a permanent magnet and allowed to down the sloping 
Fis. 2. 
~ 
\) 
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| | | J 
| fiz 
ro Zz 
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| tt SA 
B.C, D. Gas volumes for doser. R. Dewar flash containing cooling medium, 
Pulsing meter. S. Staindess steel helices 
Gas line T. Trap in effluent gas line. 
ged U tube containing liquid under examination (46 
KR. Taps, 4 mm. bore. com. om length, tube 11 mm. 
Xx. 
4 cap (B. 19) which can be interchanged 
with seeding arrangement Y. 


The Automatic Recording of Freezing-point Curves. 
7% of the rate 


may be used 
carry out 


TREATMENT OF EXPERIMENTAL OpsERVATIONS. 
The theory of the use of freezing-point curves for determining impurities has 
been discussed (see page 199 for references). The assumption that the main component 
i first, leaving the impunity in the liquid is common to all these treatments. 


calculation employed by Stull (i.¢., essentially White's method) when the cryoscopic constant 
has already been reported and when a high accuracy is not required. If a higher accuracy is 
needed or if the cryoscopic constant is not known, Schwab and Wicher’s method of proportional 
parts is used. 

The efficacy of any equipment for determining freezing-point curves can be examined by 
analysing the shape of the curves. Subject to the usual assumptions it follows from 
the argument used by White that 


that at time z, + is the fraction frozen at time z, and /° is the depression of the freezing point of 


the time when a fraction « is frozen. 

The form of these equations shows that, on the temperature-time plot, Af should increase as 
# increases, and that the rate of increase of A/ with time should itself increase with z. Fig. 1, 
curves 2 and 3, shows that smooth curves are obtained with the present apparatus and that they 
are qualitatively of the correct shape. 

equations (1) and (2) are obeyed, then [(1 — #)/s)A? and [(z, — £)/(z — 24))Af should be 
constant. The table contains the more detailed analysis of some experimental results obtained 

20-c.c. samples for which *s has been calculated from equation (2) and Af is expressed in 

equal to the deflection of the galvanometer in divisions. These units have 
in terms of temperature for the two samples. 
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friction of 
heat 
is extracted 
although it ry 
of dng will cucer, pronase tn the two of the U tobe and the 
at which occur, in is 

106 per minute. The Dewar vessel R (Fig. %) containing the refrigerant 

placed in position and, if a very wide temperature interval has to be covered before the 
freezing temperature is reached, dry air is admitted to the vacuum jacket P through a tap on the 
vacuum line (not shown) in order to accelerate the cooling. The jacket P is evacuated as soon as the 
A, B,C, D, antil the desired rate has been Rates are normally selected so that the 
total time of freezing is approx. 1} hours. From time to time the levels of the liquid in the U tube are 
balanced 4 means of tap / (Fig. 2). 

are 

started. Tho to then on the 
the depression of the freezing point is proportional to the mol. fraction of impurity in the liquid, 
then the temperature difference between the initial freezing point and that when half the material 
is frozen is equal to the temperature depression originally produced by the impurity. The 
molar percentage of impurity and the true freezing point of the pure material can thus be 
found. 

Rossini ¢¢ al. (loc. ct.) have discussed a thermodynamically more exact approach which 
involves higher approximations, but for many purposes the simpler treatment appears to be 
sufficient, particularly since, as Schwab and Wichers (loc. cit.) point out, the rate of cooling is 
rarely, if ever, exactly constant. Schwab and Wichers therefore suggest that the amount of 
impurity be calculated by proportional parts from a freezing-point curve of the original material 
and from another curve for the same material obtained after a known amount of impurity has 
been added. Both curves should be measured under the same conditions, 

In view of the uncertainties inherent in the technique we have used the simple method of 

If the cooling rate is constant, then approximately 


Davey and Gwilt : 
Values of ((1 — x)/x)At. Total time of curves = 86 mins. 


Benzene, b Benzene, 2: 6-Lutidine, 
cale. from calc. from 9973 mols-% 991 mols-% 
equation (2). equation (2). pure. pure. 
06 12-6 28 
o2 124 24 
o3 os i260 19 
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equilibrium between solid and liquid would appear to be maintained until 70% of the charge is 
frozen. 

The treezing-point results for 164 hydrocarbons obtained by the i method 
1949) have been analysed by us to provide a standard of accuracy against which to compare the 
performance of our apparatus. The results in the Circular are expressed as mol.-% of 
impurity + 4 certain percentage. The parameter most directly measurable by the freezing- 
point method is the impurity, so that it is natural to express the uncertainty of the results as 
@ fraction of the impurity. The mean value of the ratio + percentage/mol. percentage for 
the 184 hydrocarbons listed is 0°54, 1.¢., the value designated as + is usually approximately 
one-half of the impurity determined. Thus a sample would be described as 99°6 + 0°2 mols.-°% 


A sample of benzene which was found to be 99°90 mols.-%, pure in the present 
with the method of calculation employed by Stull and a cryoscopic constant of 5°12° per 1000 g. 
of benzene gave a value of 99°77 mois.-°, pure by the proportional-parts method. To the 
same sample of benzene was added in succession 0048 and 0°144 mol.-% of impurity, t., 
impurity in the ratio 1:3, and the depressions of temperature when the samples were half 
frozen were as 1: 3°5. 

The apparatus described thus appears to vield results at least as accurate as the methods in 
common use. 


Our thanks are due to Mr. A. J. Cook for assistance with the experimental work and to 
Mr. C. G. Andrews for carrying out the construction of numerous models in glass which were used in 
the development of the design discussed here 
of the research programme of the Chemical Research Laboratory and this paper is pu 
permission of the Director of the Laboratory. 


Ressaacn Laporatory, 
Mippiesex. (Received, August 17th, 194%.) 


47. The Preparation of the Mononitrobenzaldehydes. 
By W. Davey and J. R. Gwirr. 


o and p Nitrobenzaldehydes have been red by the oxidation of the corresponding 
nitrocinnamic acids. Nitration of benzylidene diacetate in acetic acid or anhydride solution 
with ce nitrate yields p-nitrobenzylidene diacetate, whilst nitration of the diacetate in acetic 
anhydride solution with nitric acid gives o-nitrobenzylidene diacetate. Nitration of aceto- 
phenone in acetic acid solution with copper nitrate yields p-nitrobenzylidene diacetate, and the 
mechanism of this reaction has been elucidated. Other metal nitrates are less effective than 
copper nitrate as nitrating agents for benzylidene diacetate. Hydrolysis of Me 
diacetates is satisfactorily achieved by the use of suspensions of mag 


MONONITROBENZALDENYDES were required for the preparation of substituted benzaldehydes 
and of substituted chalcones; m-nitrobenzaldehyde is readily prepared by the direct nitration 
of benzaldehyde but the preparation of the o- and p-isomers presents some difficulties. Although 
some o-nitrobenzaldehyde is produced in the direct nitration of benzaldehyde (Friedlander, 
Ber, 1881, 14, 2803) it cannot easily be isolated from the reaction product. The preparation 
of o and p-nitrobenzaldebydes has been investigated by three methods: (a) oxidation of the 
nitrotoluenes by the chromic acid-acetic acid-anhydride method, (6) oxidation of the nitro- 
cianamic acids, and (c) nitration of benzaldehyde and of its diacetate. 

Oxidation of nitrotoluenes by the methods of Org. Synth., Coll. Vol. Il, p, 441, and Vol. 24, 
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p. 75, gave the required products, but from o-nitrotoluene large amounts of tar were always 
obtained and the yield of aldehyde was low. In view of this and of the considerable risk of 
explosion attendant on the use of chromic acid in acetic anhydride (Tucy, Chem. and Ind., 1948, 
766), alternative methods of preparation were investigated. 


Acetyl or benzoyl nitrate has been used for selective ortho-nitration of organic compounds 
but their use is limited by the risk of explosion (Pictet and Khotinsky, Ber., 1907, 40, 1163). 
Menke (Rec. Trav. chim., 1925, 44, 141, 269) has shown that acetic anhydride and copper, nickel, 
iron, or cobalt nitrate effect ortho-nitration in the same way as acetyl! nitrate, but without the 
danger of explosion. Bacharach (J. Amer. Chem. Soc., 1927, 48, 1522) has confirmed this and 
shown that lithium nitrate yields mainly p-nitro-compounds. Nitration of cinnamic acid in 
acetic anhydride solution by means of hydrated copper nitrate failed to give o- and p-nitro- 
cinnamic acids, which were therefore prepared by nitration of cinnamic acid or of its ethy! ester 
in nitric acid alone, or preferably in sulphuric acid, the acids being separated by utilising the 
low solubility of ethyl -nitrocinnamate in ethanol (Drewson, Amnalen, 1882, 212, 150). 
Nitration of benzylidene diacetate, prepared from benzaldehyde by the method of Wegschneider 
and Spath (Monatsh., 1909, 30, 840), in acetic anhydride solution by means of hydrated copper 
nitrate yielded p-nitrobenzylidene diacetate in 52% yield, but the reaction was difficult to control 
an dnitration was therefore effected (in 79% yield), using acetic acid as solvent. Careful 
purification of benzaldehyde was essential for maximum yields, even redistilled samples of the 
aldehyde reacted violently with acetic anhydride with excessive evolution of heat. Attempts 
to moderate the reaction between impure benzaldehyde and acetic anhydride by the addition of 
acetic acid were not successful and led to incomplete formation of diacetate. Nitration of 
benzylidene diacetate, formed in situ, from pure benzaldehyde has also been achieved by this 
method. Commercial! samples of benzaldehyde have been nitrated in acetic acid solution with 
copper nitrate to give p-nitrobenzylidene diacetate in 12% yield, although it has not proved 
possible to prepare benzylidene diacetate from benzaldehyde and acetic acid by a method 
analogous to that using acetic anhydride (cf. Wegschneider and Spath, loc. cit.). Other metal 
nitrates were found to be less useful than acca reactions, lead nitrate failing to 
react and sodium nitrate causing deflagration 

Baker and Ingold (J., 1930, 431) showed that the nitration of benzaldehyde with acetic 
anhydride and nitric acid gave 62°6% of o-p- and 37°4% of m-nitration, the reaction 
via the diacetate (p-nitrobenzylidene diacetate was isolated from the reaction mixture), The 
change in position of nitration with different experimental conditions has been summarised by 
Baker and Moffitt (/., 1931, 316). Nitration of benzylidene diacetate, formed in situ, in acetic 
anhydride solution with nitric acid was vigorous and led to o-nitrobenzylidene diacetate (43°) 
and p-nitrobenzoic acid (26%), whilst nitration at low temperatures gave o-nitrobenzaldehyde 
in 41% yield. A mixture of nitric and sulphuric acids, at low temperatures, gave o- and m-nitro- 
benzaldehyde in 33% and 43% yield, respectively, Excess of sulphuric acid led to the 
hydrolysis of the diacetate and formation of m-nitrob Idehyde as the main product. This 
ortho-nitrating effect of nitric acid—acetic anhydride has previously been reported by Witt and 
Uterman (Ber., 1906, 39, 3903) and the preparation of o-nitrocinnamic aldehyde in 36% yield 
by Mills and Evans (J., 1920, 1037) is a further example for o-nitro-aldehydes, Nitric acid, in 
contrast to copper nitrate, fails to nitrate benzylidene diacetate in acetic acid solution. 

Ketones do not form diacetates, but acetophenone undergoes oxidation and nitration to 
p-nitrobenzylidene diacetate in 40% yield when treated with acetic acid and copper nitrate. 
The mechanism of this reaction has been found to involve oxidation of the acetophenone to 
benzoylformic acid, loss of carbon dioxide to give benzaldehyde, formation of benzylidene 
diacetate, and nitration. Benzoylformic acid yields benzylidene diacetate on heating with 
acetic anhydride, and p-nitrobenzylidene diacetate on nitration with acetic anhydride or acetic 
acid and copper nitrate. 

The results of these nitrations are summarised in the table. 

Some difficulty was encountered in the hydrolysis of p-nitrobenzylidene diacetate by the 
method of Org. Synth., Coll. Vol. II, p. 441. It has been found possible to hydrolyse nitro- 
benzylidene diacetates in high yields by means of magnesium hydroxide suspensions. Alkaline 
hydrolysis of aldehyde diacetates is not normally feasible as the high concentration of alkali 
which must be present initially to ensure complete hydrolysis leads to condensation of the 
aldehyde formed in the early stages of the hydrolysis. It has been found that if the hydrolysis 
of nitrobenzylidene diacetates is carried out at 100° with increasing concentrations of sodium 
hydroxide, the Cannizzaro reaction becomes appreciable when the alkali concentration reaches 
about 0-01x. (pH about 12 at 24°). Condensation could be avoided by adding the alkali at 


i 
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such a rate that the critical pH is never reached and this can be conveniently achieved by 
hydrolysing these diacetates with magnesium hydroxide suspensions, since the pH of its pure 
aqueous suspension is about 10°4 (at 24°). 


Nitration of cinnamuc acid, ethyl cinnamate, benrylidene diacetate and acetophenone. 


(Al m ps are uncorrected,) 


Commamic Acid with Neiric Acid Alone —Finely powdered cinnamic 

the t being below 1 0° by external cooling. pore 


<iried product (38 g.) was in ethanol (400 ml.), sulphuric acid (15 mil. ; dt 
he whole refluxed ail dissolution was ¢ The solution was cooled to 
kept ov in the refrigerator. The ethyl p-nitrocinnamate which 

and washed with cold ethanol (50 ml.), the filtrate and washing ‘ : 
reerystallisation from ethanol, was boiled with ethanol (200 ml.) and sulphuric acid [50 mil. (d 1-84) 
+350 mi. of water) for 8 hours. After addition of water (500 mi.) the pitated acid was filtered off, 
and purified by dissolution in sodium carbonate solution, filtration, tation by hydrochloric 
acid. Reerystallisation oe uct from my gave p-nitrocinnamic acid (15-2 g., 39%), m. p. 286° 
(Miller, Awnalen, 1882, 212, gives m. 

Hydrolysis of the La = achieved aye the S eeainten of water (500 ml.) and refluxing for 12 hours. 
The o-nitrocinnamic acid was preci olg. y vuring the mixture into water and purified as in the case 

nitro-acid, to give an acid {192 =. 240° (Maller, loc. ext., gives m. p. 240°). 

2. Nitration o Acid with phurtc Acids —Cinnamic acid (36 g.), dissolved in 
sulphuric acid (250 ml; d 1-84) was nitrated by the addition of nitric acid (11 ml; ¢@ 1-52) during an 
hour, and stirring for a further 3 hours, the temperature being kept below 20°. Isolation of the mixed 
acids by precipitation with water, filtration, and washing gave _——- which was separated as before 
a (16-5 g., 39%; m. p. 286") and o-nitrocinnamic acid (19-5 g., 50%; m. p. 240°) 

3. Nitration of Cimnamic Aad with Acetic and Nitric Acids —Addition of nitric a (11 ml. (@ 1-52) or 
50 ml. (d 1-62)) to cinnamic acid (30 g.) in glacial acetic acid (250 ml.) afforded only unchanged cinnamic 
acid 

4. Nitration of Ethyl Cinmnamate with Nitric (50 ¢.) was nitrated 
adding it slowly to cooled nitric acid (250 ml.; d 1-52) and stirring for a further 3 hours, at <20°. 
mixed nitro-esters were isolated by pouring the mixture into water (2-5 1), filtration, and A 

paration was achieved by dissolving the mixture in ethanol (500 ml.), cooling to 0°, and allowing the 
p-ester to separate overnight in the erator. Hydrolysis by the methods already described and 
m. p. 286") and o-nitrocinnamic acid (31 g., 56%; m. p. 


5. Nitration of Ethyl Cinnamate with Sulphuric and Nitric Acids.—Nitration of ethy! cinnamate 
(50 g) dissolved in sulphuric acid (150 ml.; @ 1-84) as in (2) above, using nitric acid (20 mi.; d 1-52), 

Acid with Acetic Anhydride and C rate.—-Nitration in acetic 
anhydride with hydrated copper nitrate, warming to 65—70°, allowing the reaction to proceed 
spontaneously afforded only o and p-nitrobenzoic acids. Under these experimental conditions o and 
p-nitrocinnamic acids are oxidised to the corresponding nitrobenzoic acids. At 20° unchanged cinnamic 
acid and only 10% of o and p-nitrocinnamic acid were — 

a solution of sodium carbonate (6 g.) in water (750 mi.), The, (200 ml) 100mes. one mixture cooled 
to 10° by addition of ice and external cooling. Oxidation was achieved by the aditen t 

anate solution (250 mi. ; 6%) with vigorous stirring to ensure 
kept below 10° by the addition of ice Stirring was continved for a further the product 
filtered, and the manganese dioxide washed with benzene (50 ml). The bensene layer uns enpasuted 


Reactants. Conditions. Products. 
1. Clanamic acid: HNO, Shee, acid 
3 HNOPACOH <20" U 
4. Ethyl cnnamate. HNO, <30° 56% + 
4. HNO,-H,SO, ......... & brs, <20° 43%, o + 42% p-nitrocinnamic acid 
6. Cinnamic acid: AcsO-Ca(N Uneontrofied 68% o- + 15%, p-nitrobenzoic acid 
7. Benzylidene diacetate : 524% p-nitrobenzylidene diacetate 

18, Beneylidens diacetate TINO, 1is* 43%, o-nitrobenzaldehyde + 26% p-nitro- 

ars benzoic acid 

i. .. 4brs, <20° 41% onitrobenzaldehyde 
12. a . AcOH-HNO, ... Uncontrolled 96%, benzoic acid 

13. HNO,-H,SO, ... hrs, 33% o + 43% m-nitrobensaldehyde 
14. Benzaldebyde Hino, H,SO, ............ <15" 80% m- + little o-nitrobenzaldehyde 
15. Acetophenone. AcOH-Cu(NO,), ........ Shes. reflux p-nitrobenrylidene diacetate 

EXPERIMENTAL, 
] 
1. Nitration 

added during | 
further 2 hours, 
was stirred 
water 


P-nitrocinnamic acid under identical conditions gave p-nitrobenzaldehyde (5-8 g., 74%) 
mixed m. p. 106° (oxime, m. p. 132°), and p-nitrobenzeic acid (1-3 g., 15%), m. p. and 


. and 
Diacetate with Acetic Anhydride and Copper Nitrate 


of Benrylidene 
(12 g.) and acetic anhydride (60 g.) were stirred ¢ her, and 5 drops of sulphuric acid (d 1-84) 
to catalyse the formation of the diacetate. After a further 15 minutes’ stirring to complete the reaction, 


Acetic Acid and Copper Nitrate ——Benzaldehyde (106 g.) was 
sulphuric acid (5 ml. ; d 1-64) into the diacetate, which was 


{12 ¢.). glacial acetic acid (00 and 


{ Other Metal Nitrates. —Nitrations of diacetate (21 g.) in acetic acid (100 ml.) 
metal nitrates under the conditions described were carried out with the 
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and the aqueous layer extracted with benzene (2 x 50 mi.) which was added to the main extract. 
After being washed with water, the benzene extract was dried, and the benzene distilled off. The residue 

was dissolved in toluene (10 mi }, light petroleum (70 mi.; b. p. 40-60") added,. d the solution cooled , 
condensed with it in presence of sodium h to give indigo, ape ee te Extraction 

of the acidified aqueous layer with ether and removal of the ether gave o-nitrobenzoic acid, (1-7 g., 20%), 

m. p. and 

m 
mF 
vdrat copper nitrate ( a.) Was ac »* mixture warmed to , ane ne Vigorous reaction allo 
to procee! spontaneously (see note below). When the temperature had fallen to 80", water (500 ml.) 
and sulphuric acid (25 ml. 1-84) paste water) ond the overnight 
The precipitated p-nitrobenzylidene diacetate was off, washed free from acid with water, and 
52%), m. p. and mixed 
m. p. 122°. Hydrolysis of the diacetate is _ Note: addition of copper nitrate to acetic , 
anhydride may lead to an exothermic reaction. { 

ea lictene diacetate in acetic anhydride solution with hydrated nitrate , 
nitrate in acetic acid at < 20°. 

Nutration of Benzylidene Diacetate with 
converted by acetic anhydride 
isolated i ’ with water. 
product was isolated as before, and the p-nitrobenzylidene diacetate (200 g., 79%) was hydrolysed by 
the method of Org. Synth, Coll. Vol. I, p. 441, to give p-nitrobenzaldehyde (ito &., 73% based on the 
benzaldehyde taken), m. p. and mixed m. p. 106° (phenylhydrazone m. p. 156°; oxidation with alkaline 
permanganate gave p-nitrobenzoic acid, m. p. and mixed m. p. 237°). 

bas alee teen eflected give yields of diacetate and aldehyde by adding the acetic 
acid and copper nitrate to the acetic anhydride solution of the aldehyde without isolating the diacetate, 
and this is the most satisf method. 

Formation.—Benzaldehyde (25 g.) was refluxed with glacial acetic (200 mil.) and hydrated copper 
nitrate (60 g.) for 5 hours, and the product poured into water, made alkaline with aqueous ammonia and 
then just acid to litmus with dilute sulphuric acid. The precipitate, on recrystallisation from aqueous 
ethanol, gave p-nitrobeazylidene diacetate (7 yw 

Reaction between Kenzaldehyde and Acetic Acid. —. 
sulphuric acid (0-6 ml; d@ 1-84) were stirred together for periods up to 3 hours at room temperature or 

water, separating in cases; was no evi ° reaction 
time-temperature measurements, typical results being -— 
Temperature. 
Acetic acid replaced 
Time, min. Mixture as above. w./w. by acetic anhydride. 
18° 18° 
0-25 20 50 
15 19-5 35 
The use of mixtures of acetic acid and anhydride led in all cases to incomplete formation of benzylidene 
ite, 
using 
— Yield of p-nitrobenzyl- Yield of 
of p-nitrobenzyl- 

and wt. (g.) used. Wt. (g.). % and wt. (g.) used. Wt. (g.). %. . 
Zinc, 30 60 23 Cobalt, 35 1 4 
Ferric, wo 50 19 Calcium, 25 0 0 
Magnesium, 30 20 

stirring. The solution was stirred for a further 30 minutes and nitric acid (200 ml.; d 1-42) added at 
excess of water. The separated materia] was filtered off, washed with cold water, and refluxed wi 
ethanol (400 ml.), water (400 ml.), and sulphuric acid (40 ml. ; d 1-84) for | hour. The product was then 
(p-nitrobenzyl ester m. p. 167°). Extraction of the distillate ether and removal of the ether gave 
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ack, m 147", ac sed in presence of sodiam hydroxide to give ve indige, soluble in chloroform). 

Nitration of Dnacetate with Acetse Anhydride and Acid at Low Temperatures — 
Henzakichyde (12 g ), dissolved in acetic anhydride (160 mi.), was nitrated by the slow addition of nitric 
ackd (0 mi; d 1-62) with rapid stirring and external cooling, the temperature being kept at < 20". 
After a further 3 hours’ stirring the nitration mixture was set asude at room temperature overnght. The 
product was poured into water (2 1), and the separated solid filtered off, washed free from acid and 
crystallised from toluene light petroleum, to pee @-nitrobenzaldehyde (6 g., 41%), m. p. and mixed m_ p. 
42.45 in this preparation hydrolysis of the diacetate occurred during isolation, and the above 
method represents the most convenient method of preparation of o- yde by direct nitration 
ot benzaldehyde. 

12. Nitrahon of Benrylidene [nacetate with Acetic and Nitric Acids.— Attempts to nitrate benzylidene 
diacetate in acetic acid at elevated temperatures led to the formation of benzoic acid, whilst at <20° 
there was no nitration during 2 days 

13. N@rution ¢ encylidens Diacetate with Sulphuric and Nitric Acids.-Nitration of benzylidene 
diacetate (21 ¢.), dissolved in sulphuric acid (100 mi; 1-64), with nitric acid (10 mi.; 1-62) at < 15° 
led to o (5 g., 33 %) m. p. 42°, and m-nitrobenzaldehyde (65 g., 43%), m. p. and mixed m. p. 58°. 
Increase in the proportion of sulphuric acid or the use of mixed acid for the nitration led to the formation 
of m-nitrobeozaldehyde as the main product, hydrolysis of the diacetate occurring before nitration. 

14. Preperation of m-Nur avde.—-Nitration of redistilled benzaldehyde (106 g.), dissolved in 
sulphurc acid (200 mi.; d 1-64), with mixed acid [70 ml. of nitric (d 1-52) + 150 = of sulphuric acid 
id 1-84)) at < gave m-nitrobenzaldehyde (121 m. p. and mixed m. p. 58°. Small amounts 
(ea 5g) of impure o-nitrobenzaldehyde were isolated from the acid liquors by ether-extraction, but the 
product was extremely difficult to punfy 

15. Nitraton of Acetophenone with Acenc Acid and Copper Nitrate —Acetophenone (25 g.) was refluxed 
for 5 hours with acetic acid (250 ml.) and hydrated tree 2 vd nitrate (60 g.), and the mixture poured intoa 
—- excess of water and set aside overnight —— uct was made alkaline with aqueous ammonia 

then just acid with dilute sulphuric acid, and precipitate filtered off, washed with water, and 
recrystallised from aqueous ethanol to give p-nitrobenzylidene diacetate (22 g., 42%), m. p. and mixed 
m. 122° 

Dastien Mechamiom.—Renzoylitormic acid (5 g.) was refluxed with acetic anhydride or acid (50 ml.) 
aod hydrated copper nitrate (10 g.). Pouring the mixture into water gave geuampspamaa diacetate 
(3-1 g., 22 ¢.), m p. and mixed m. p. (after crystallisation from ethanol) | 

Benroyliormic acid (5 g.) was refluxed for 2 hours with acetic anhydride (50 ml.) and one drop of 
sulphuric acid, or glacial acetic acid (60 mi.). Benzvlidene diacetate (3 g.; m. p. and mixed m. p. 46") 

bonzakteh yde identified as 2. 4-linitropbenylhydrazone) respectively were obtained on pouring 
the mixtures into water 

Onsdation of o- and p- Nitrotol —xidation of p-nitrotoluene by the method of Org. Synth., Coil. 
Vol IL, p. 441, gave p-nitrobenzylidene diacetate in 46% yield, whilst oxidation of o-nitrotoluene gave 
20-25%, vields of the o-nitro~diacetate and always led to the formation of much tar. 

Hydrolyms of Dsacetates.—Dificuity was encountered in the acid hydrolysis of »-nitrobenzylidene 
diacetate by the method of Org. Synth. but rapid and complete hydrolysis of diacetates was 
etiected as follows. The diacetate (50 g.) was refluxed with a 2-5%, suspension (800 ml.) of magnesium 
hydroxide for 2 hours. The product was cooled, the excess of magnesium hydroxide dissolved in dilute 
sulphuric acid (50-60 mi.; 5s.), and the mixture chilled in ice. The aldehyde which separated was 
filtered off and recrystallised. Additional small amounts of aldehyde could be recovered by ether- 
extraction of the mother-liquors. Yields of 90-95% have been obtained. 

* Milk of magnesia,” diluted with 24 parts (vol.) of water, was most suitable, as the particles are very 
finely dispersed but the suspension is free from any added dispersing agent. 


Thanks are due to Messrs Chas. H. Phillips Chemical Co. for gifts of “ Milk of magnesia." 
Acron Teewnicat Cottece, Hiren St, W.3. (Received, October 18th, 1949.) 


48. The Action of Hydrogen Sulphide on Certain Methyleneimines. 
Part I. 


By Eric R. Brarruwarre and Joun Graymore. 


Hydrogen sulphide reacts with N-methylenecye/ohexylamine in the presence of formaldehyde 
to give N-eycloseryithtoformaldime, but in the absence of formaldehyde the main product is 
S-cveloheryl-5 6-dihydro-1 With methylenebenzylamine, hydrogen 
and formaldehyde give a single product, 3 5-dibengyltetrahydro-1-thia-3 This 
difference can be ascribed to the dimenc structure of methylenebenzylamine. 


Wout (Ber,, 1886, 19, 2345) obtained a product from formaldehyde saturated with h 

sulphide by adding methylamine, He described it as methylthioformaldin (II; R « CH,). 
Le Feévre (/., 1935, 865) obtained a four-membered ring compound formalated as (I; R = CH,) 
by first saturating an aqueous solution of methylamine with hydrogen sulphide and then adding 
formaldehyde solution; the author observed that on dissolving his product in warm acetone, 
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conversion into Wohl’s methyithioformaldin took place. No other six-membered ring 
compound of the type described by Wohl was obtained. 


ny 
RN 6S 

am (ay 


from suitable amines, formaldehyde, and hydrogen sulphide. Formaldehyde is known to 
condense with cyclohexylamine (J., 1047, 1118) and with benzylamine to give readily 
crystallisable methyleneimines. As the formation of a thialdine in the Wohl-Le Févre reaction 
is probably preceded by the formation of a methyleneimine, it seemed reasonable to use the 
' methyleneimines as starting points. Consequently, a study of the reaction was made with 
formaldehyde and hydrogen sulphide on the one hand, and N-methylenecyclohexylamine or 
N-methyl on the other. 

Aqueces-alcohelie solutions of the methyleneimines were accordingly treated with 
formaldehyde. The mixtures were cooled to keep the temperature below 25°, and a stream of 
yield, but wh N-methylenecy ylamine gave a thicformaldine of type (1; K « C,H,,), 
-methylenebenzylamine gave 3 : : 5-diarine (111; CH,Ph). 
solution by the addition of water, yet N-methylenecy was not precipitated from 
alcoholic solution even by the addition of ences of formaldchyde (40% formalin). 
N-Methylenebenzylamine on the other hand was precipitated. These observations seemed to 
indicate that the former, a monomer, adds formaldehyde to give in all probability 
C,H,,N(CH,OH),, which condenses with hydrogen sulphide to give (1; K = C,H,,). N- 
Methylenebenzylamine, a dimer, could not combine with formaldehyde and it is therefore 
probable that the dibenzyl compound (III; R — CH,Ph) is produced as follows : 


CH, 
» 4 
(R-N:CH,, + CHOH)SH —> ony, + HO 
s 


An aqueous-alcoholic solution of N-methylenecyclohexylamine in the absence of formal- 
dehyde reacted exothermally with hydrogen sulphide. With the temperature kept below 25°, 
two crystalline compounds were eventually obtained, namely, 5-cycloheryl-5 : 6-dihydro-1 ; 3- 
ditha-5-azine similar to the thioformaldine described by Wohl (Il; RK = C,H,,) and a smaller 
quantity of type (I). 

Repeated attempts to make 5-cyclohexyl-5 : 6-dihydro-1 : 3-dithia-5-azine from (I) by the 
be that (I) and (II) (R = C,H,,) are formed independently from the methyleneimine by 
condensation with CH,(OH)*SH and CH,(OH)*S*CH,’SH, respectively. The first stage in the 
reaction of hydrogen sulphide with the methyleneimine is undoubtedly the partial breakdown 
of the latter to give cyclohexylamine, 

CH NICH, + HO + HS —> C,H,-NH, + CHY(OH)SH 
since cycloherylamine thiosulphate slowly separates from the residual liquor. 

When hydrogen sulphide was passed into the aqueous-alcoholic solution of N-methylene- 
cyclohexylamine without temperature control, the temperature rose rapidly with the separation 
of a voluminous non-nitrogenous solid. Its melting point and general properties indicated that 
it was the compound which Wohl obtained by the action of hydrogen sulphide upon an aqueous 
or alcoholic solution of hexamine. Wohl assigned to it the formula (CH,S),. Analyses of 
the compound now obtained did not agree with his findings. It is hoped to deal with this 
problem later. 

After removal of the bulky insoluble precipitate, the filtrate was allowed to evaporate 
spontaneously, leaving a residue of cyclohexylamine thiosulphate. Marrin, Achterhof, Conway, 
and Boord (J. Amer. Chem. Soc., 1931, 58, 2682) showed that the hydrosulphides of certain 
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amines oxidised in air to the corresponding thiosulphates. The thiosulphates of cyciohexyl- 
amine and benzylamine separated in considerable yields when air was blown through an alcoholic 
solution of the amine saturated with hydrogen sulphide. 
All three thioformaldines decompose when heated with hydrochloric acid—(I) rapidly, (11) 
dehyde (cf. Le Pévre, ]., 1935, 865). Similarly, they 
al! decompose when heated under reflux in alcoholic solution in a stream of hydrogen sulphide 
to give the non-nitrogenouws compound described above. 


EXPERIMENTAL. 


of a sotetion) After a few minutes, bydrogen sulphide was 
br 49 The resulting solid was removed. 


(total, 43 g.) was obtained. The thicformaidime crystal 
20° (Pound; C, 606; H, 04; N, requires C, 61-1; 
89%) : , methanol, benzene, chloroform, or light petroleum 
ethanol gave with an alcoholic solution of hydro jen chloride a hydrochloride, m. p. > 120° 
(decomp.) (Pound: N, 7-17; Cl, 180. C,H, 
The mother compound (0-4 g ) was dissolv 
The solution was cooled, and water added, 
tion edibydro't ithia-S-azine, m. p. and mixed m. p. 
exyithiofor (1 g.), dissolved in dilute hydrochloric acid (50 ¢.c.) and heated under 
posed with evolution of formaldehyde and tion of trithioformaldeh in 
and removal of the gave, 
Y lamide (m p. and mixed m. p. with an 


: 3-dithta-5-asine — Meth (26 was dissolved in 
ethanol end unter wes ted the winters faint Hydrogen su 
was passed in at 0° for hours. first 


from aqueous m of the dithia-asine 
Found C, 53-35; H, #5 1, 5S, 31-0, 53-2; N, 69; S, 
t was insoluble in water, moderately and soluble in hi 

The hitrate from the first precipita deported needles, 105-106" a 8) these 
when ta etd oformaldine (m. p. and 
mp. 118"). The Sitrate from the above was distilled into ond 
amine hydrochloride (m. p. and mixed m. p. 204-205") 

loflexyl-5 : chloride was obtained 


by passing hydrogen 
through a solution of the t compound in light ChoNCIS n with cooling. It separated from 


ethanol in white needles, m. p. 185" (Found Cl, 14-9 NCIS, requires Cl, 14-6%). 

The hydrochloride (0-75 ¢.) was dissolved in ah. hydrochloric acid (10 cc), and the 
solution heated under reflux for 3 hours. A white solid (0-28 g.) separated and after recrystallisation 
from acetone was identified as trithioformaldehyde, needles, m. p. and mixed m. p. 216 

cycloHerylamine Thiosulphate —Methylenecyclohexylamine (18 g.) was dissolved in ethanol, and the 
solution saturated with hydrogen sulphide for 5 hours, the temperature rising to 45°. The solid 
deposited was repeatedly washed with hot ethanol until no further solution a to take a. 
The solution was filtered hot, and, on cooling, silvery white plates of cycloherylamine thiosulphate 
A m R 198° (decomp.). It gave the usual reactions of thiosulphates (Found: C, 45-9; H, 

N, #0 sellgO NS, requires C, 46-15; H, 89; N, 80%). The msoluble residue, m. p. 175°, 
was nitrogen-free but its structure has not yet been determined. The thiosulphate was o' 
directly by saturating an ethanolic solution of cycohexylamine with hydrogen sulphide and passing air 
through mixture until no further - was obtained. Recrystallised from ethanol it gave 
white p. 198° (decomp 06-0005 «31-9 cc. of solution. 

ro-L-thia-3 S-diazine. -~Methylenebenzylamine (5-0 ¢.) was dissolved in ethanol 

Py cc. ) and eneieieds (15 cc. of a 40% solution) which had previously been saturated with 
hydrogen sulphide was added. A stream of hydrogen sulphide was passed in until the temperature 
rose to 25° © solution became opaque after 15 minutes; it was set aside for 24 hours, and the crystals 
which separated were removed by filtration, and then a from ethanol in long needles, m. 
92° (Pound: C, 71-8; H, 7405; N, 94,05, S, 108. requires C, 71-3; H, 70; N, 
S, 110%). This 8 : S-diasins wae tn fight potroisum, and the 
solution saturated with hydrogen chloride The white dihydrochlonde which separated was removed 
and crystallised from ethanol; it had m. p. 130—140° (dec (Pound: Cl, 20-1. 
requires Cl, 19-09%). When heated under reflux for 3 hours with concentrated hydrochloric acid, 
parent substance (0-75 4 ) gave trithioformaldehyde (0-1 g.) 

Benrylamine T hiosulphate —Benrylamine (10 was and the solution 
saturated with hydrogen su te. Air was passed through the mixty 
slowly separated m silvery ts (10 g.). These crystallised from leaflets, m. 182° 
idecomp.) [Found 0-9905 g. 30-2 c.c. of OOln-iodine. (C,H CH, requires 30-3 


Analyses were by Drs. Weiler and Strauss. 
Cotiece, . (Received, October 12th, 1949.) 


lamine (50 g.), 
c.c.), and formaldeh 
passed in for 10 minutes, 
he process was repeated 
chor 
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49. Geometrical Isomerism of the Dioxides of Diphenylpiperazine. 
By G. M. Bewwert and (Mrs.) 


Dyphenylpiperazine is oxidised by hydrogen to two isomeric di-N-oxides, The 
e-isomeride crystallises as an efflorescent octah and a stable dihydrate which loses its 
i tsomenide, of about | in 10, is my more 


Di-N-oxipes of suitable diamines should exist in diastereoisomeric or cis-trans-forms analogous 
to those of the dithian dioxides (Bell and Bennett, /., 1927, 1788). In order to demonstrate this 
the oxidation of 1 : 4-diphenylpiperazine has been examined. Hydrogen peroxide in acetone 


‘ Decomposition of dioxides. : Decomposition of nitrates. 
a-o 
p-@ 


23 


2 22 20 21 
Yr. 


or glacial acetic acid yielded as the main product the a-dioside, crystallising magnificently from 
warm water as the octahydrate, which, however, rapidly effloresces to the dihydrate stable in air. 
Both hydrates lose their water in a vacuum to give the hygroscopic anhydrous diowide. 

From the mother-liquor of the a-dioxide a small quantity of a much more soluble 6-dioride 
was isolated which was found on analysis to have the composition 6-dioxide,H,O,,.2H,O. The 
presence of hydrogen peroxide was also confirmed by direct tests. These crystals are stable in 
air and lose neither water nor hydrogen peroxide when kept in a vacuum. Both dioxides are 
readily reduced to the parent diphenyl 

The two dioides give salts which are generally anhydrous and contain so hydrogen peroxide. 
Pairs of isomeric hydrochlorides, nitrates, and picrates were characterised and in addition the 
sulphate, oxalate, perchlorate, ferrocyanide, platimichloride, and awrichloride of the a-dioxide. 

temperatures of showed that for each substance explosion occurred after a 
particular time (¢ secs.) of heating at a given temperature (7 °x.) where log,, ¢ = 4/T — b, a and 
being constants for the substance. 
with the a- and the $-nitrate and with the two dioxides («-dioxide dihydrate and hydrated 

peroxide complex), The constants a and 6 for all the compounds studied 
are in the table. 


these dioxides are usually anhydrous, free from ‘hydrogen peroxide, and of the composition 
B,2HX. The isomeric hydrochlorides, nitrates, and picrates have been characterised and also 
the oxalate, sulphate, perchlorate, ferrocyanide, platinichloride and aurichloride of the e-dioxide. 
temperatures have been studied. stability complex hydrogen peroxide indicates 
that the B-isomeride has the e:s-configuration. 
J 
is} 
0 
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Temperature (* c.) (calc.) 
fort. 1 
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It is noticeable that the values of a (slopes of the curves in the figure) are similar for the pairs 
of isomerides. This is not so for the two dioxides, but the compounds actually examined were 
im this case not isomeric since only the $-specimen contained combined hydrogen peroxide. 

This type of behaviour has been reported more than once before, tor example for the decom- 
position of lead styphnate (Hales, Trans. Faraday Soc., 1933, 29, 544) and of barium azide 
(Hervey, ibid., p. 653). The former author records some variation in times before detonation 
with the size of the crystals, Our specimens were all finely powdered. 

These observations help in characterising the compounds examined and, in the absence of 
melting points, provide clear evidence of the individuality of the pairs of isomerides studied. 

The a-<dioxide and its salts are all somewhat more stable than their $-isomerides. The 
a-dioxide is more sparingly soluble in water (by a factor of the orde: of 100 : 1) than the §-dioxide, 
but in 95°6%, alcohol the converse is true and the solubilities at 25° were a- 91 and 6- 116°, 
by weight. 

Although the a-dioxide forms stable salts of the composition B,2HX, its aqueous solutions 
are not alkaline but have a pH between 6 and 7. Moreover measurably more w/10-sodium 
hydroxide is needed to change the colour of phenolphthalein in its presence than in pure water. 
A similar faintly acidic character was observed by Polonovski, Boulange:, and Taghavi (Aft: 
del X* Congresso Internanonale di Chimica, Roma, 15—21, Maggio, 1938, XVI, 3, 303) with 
dimethylpiperazine dioxide, The formula suggested by these authors for a negative ion 
produced by the union of an amine oxide and a hydroxy! ion is, however, electronically unsound 
and we doubt whether the effect under consideration can be explained in terms of normal 
bonding. 

The tenacity with which the molecule of hydrogen peroxide is retained by the 8-dioxide is 
remarkable and may be regarded as significant in connexion with the question of configuration. 
General considerations such as stability, as indicated by temperatures of decomposition, and 
solubility in water would suggest that the a-dioxide has the frans-configuration. The stabic 
retention of hydrogen peroxide might be due to the attachment of the peroxide molecule by 
hydrogen bonds simultaneously to both amine oxide oxygen atoms, and this would be expected 
to be possible in a cts- but not in a frans-form of the piperazine dioxide. A study of molecular 
models supports this view. For this purpose we have assumed the following interatomic 


distances CH,-CH, 164; CH,-N 147; N-O 1-36 4. (compare Sutton, 1945, 146). If all 
the angles in the piperazine ring are taken as tetrahedral, the ring must be puckered and there 
are several distinct arrangements for each of the cis- and trans-forms of the dioxide (actually 
5 cis and 4 trans). In the various arrangements of the trans-form the distance between the two 
oO 
N—Ph 
(i) 


N 

A 

oxygen atoms is of the order 4—-5 a., but in every case the bulky phenyl! group or the atoms of the 
ring are interposed making any bridging by the hydrogen peroxide molecule improbable. On 
the other hand no such obstruction arises in the various arrangements of the cis-dioxide. In 
one of these (I) the oxygen atoms are less than 2 a. apart (calculated on the above-mentioned 
assumptions, 161 4.), but this particular arrangement would presumably have low stability 
owing to the close approach of the mutually repellent fields of the two amine oxide groups. The 
other possible arrangements of the os-<dioxide have oxygen atoms at a distance of the order 
a., for example (II) (calculated distance, 4°35 4.). In considering the possible attachment 
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Sutatance 
oOnualate ............ 66 114 289 
«Hydrochloride .... 10-6 268 
Aurichloride .... a8 10-6 182 
Nitrate ........... +2 224 
65 13-5 221 
«a Dioxide dihydrate 32 58 2s) 


(1950) the Dioxides of Diphenylpiperazine. 213 


of hydrogen peroxide the X-ray examination of the crystal structure of the urea~hydrogen 
ge Amer, Chem. Soc., 1941, 68, 1507) is relevant. 

authors concluded that the crystal is an assemblage of urea and hydrogen peroxide 
molecules held together by hydrogen bonds, the hydrogen peroxide molecule retaining the 
configuration calculated for it by Penney and Sutherland (Trans. Faraday Soc., 1934, 30, 898) in 
which the O-H bonds are at 101°5° to the O-O bond bat lie in two planes inclined at 106° to 
each other. A trial with models, taking the O-O distance in hydrogen peroxide to be 1°47 a. 
(Giguére and Schomaker, J. Amer. Chem. Soc., 1943, 65, 2025) shows that this hydrogen peroxide 
molecule can in fact be fitted, with only slight distortion of the angles, to bridge the two oxygen 
atoms of the cis-dioxide in the arrangement (II) with hydrogen bond distances of the order 


It is evident that the dioxide of dimethylpiperazine should similarly occur in cis- and trans- 
forms. Although this substance was described by Polonovski, Boulanger, and Taghavi (loc. 
cit.) no such isomerism was reported. Yet their paper does contain indications of the existence 
of two forms, and the point requires re-investigation. 

While this work was in progress the geometrical isomerism of some diquaternary salts of 
dimethylpiperazine of the type [ RMeNCCH" Cy" >NMeR |X, was described by Hanby and 
Rydon (/., 1945, 833). These are analogous to the isomerides described in this paper. 


EXPERIMENTAL, 


Sa eign ae hydrogen, and nitrogen were made by Messrs. Weiler and 
Strauss. Determinations of peroxid 
one of us (Glynn, Analyst, 72. temperatures given below are calcula! 


tem: tures at which explosion occurs after 1 second. 

widation of 1: 4-Diphenylpsperasine—A mixture of the base (20 g.) dissolved in glacial acetic acid 
(300 ml.) wit ge per peroxide (120 g. of 30% aqueous) was kept at 50--70° for 16 hours. The 
pane van dark solution gave a copious precipitate of the a-dioxide when neutralised with 10n-sodium 
hydroxide, but in order to isolate the whole of the ucts with a minimum contamination with 
matter the solution was diluted and evapora’ several times at 60° and finally kept over um 
hydroxide in a desiccator until all the acetic acid had been removed. The crude product had a peroxidic 
oxygen content of 68%. This was dissolved in water —_ ml.) at 60°, and the solution on cooling 
deposited crystals of the hydrated e-dioxide (15 g.). a 2 further c tions from water the 
Or eg azine a-dioxide octahydrate was obtained in large well- crystals (Found . peroxidic 
70) 


Evaporation of the original mother-liquors yielded further small of erate eMart, and the 
solution was finally taken to Sa in a desiccator over potassium b brown oily residue 
was left which gradually became crystalline (Found, in the crude uct : aE. O, 13-2, 12- v4 
This materia! was extracted with rectified alcohol, some insoluble inorganic matter being rejected 
after crystallisation from 95% ethanol the £-dioxide was obtained. 
a-Diomde.—-The large warm water are the octahydrate which 
effloresces rapidly in air (Found: C, 47-3; H, 60; N, tr requires C, 47-2; H, 
83, N, Be A freshly prepared over 34-9. 
Crh 0,7 ly soluble in cold 
water pon soluble in alcohol. of a 0-16m-solution 26 ml. of ¥/10-sodium 


oxide for titration with phenolphthalein as indicator, 
om water. 


crystallises magnificen’ orthorhombic with bit= 
I: The habit ia priematic with the form elongated alag the axia the 


being terminated by the form m(l10). Harker classification angles: or(00)) Goi) 51°25 
(110) 20°25’; and 54°45’. The extinction is straight on 
t 


one optic axis emerges nearly om. 

The anhydrous diphenyl piperazine a-dioxide is obtained as a white 
the (Pound: C, 60-8; H, CygH ,,O,N, requires 
C, 71-1; H, 65%). Exposed to the atmosphere this substance absorbs water (2 mols.) smoothly in 
2 hours without any intermediate break in the process. The 80 obtained is also formed by the 
efflorescence of the octahydrate in air Rn gk Cc, 62-7; H, 725, N, 04; peroxidic O, 10-2%,. 

requires C, 62-7; H, 7-25; N, 92; O, 10-4%). stable in air and 


well-formed c crystals when { the { the e-dioxide is recrystallised 95 


class of the monoclinic system with a:b: « 
pw 1 and = a tabula with 0(001) (100) = 

the py ow 


Reduced in aqueous hydrochloric acid with sine dust the dihydrate yields the parent 


27a. We therefore conclude that the stability of the hydrogen peroxide complex is strong 
evidence that the §-dioxide has the cis-configuration. 
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H, 58 82; HCl 23 is a white microcrystalline 
ble in cold water ot alcoho! (Found 
523; H. 54; H.SO,, 266%). The dsprcrate 
extunction, t3"2" y soluble in ak chol but more so in water, and exploding 
Bat" 42, H, N, 150. requires C, 462; H, 33; 
jnstrate is a white powder of microscopic crystals having a high dou 
It soluble in water and explodes at * (corr.) 
(Pound; C, 483; HL. 47; N.163. Tequires C, 48-5; H, 51; N, 142%). The ovalate is 
white 289° (corr.) (Found: C, 
monoperchioraie was obtained, even in 
ingly solu powder exploding with a 
48: N. 746: HOW titration, 27.5. able 
27-1 %) tue to a 
Pt, 247%). The aurwhloride was 
gold solution was added to the solution of 
It decomposes explosively at ) (Found H, 
33; C1, 23-2; Au, 329,322 Au requires C, 31-6; H, 3 1, 23-2; Au, 323°, On 
the other hand, when the solotion of the e-dioxkle was added to an ab a ‘gold chloride in 

loric acid, the precipitate, although very little different in composition (Found: Av, 31-7%,), 
was extremely explosive, detonating on scratching or on heating to 90°. For analysis it was moistened 
and treated with sulphur dioxide, then dried, and ignited. fervocyanide forms soluble 
ones with a straight cmtinstnn, which appear to be a dihydrate (Found: C, 56-7; H, 5-6; N, 
N requires , 57-5; N, 17-7 
B- ~The substance isolated from the final mother-liquors of the 
lisation of the crude dioxuies crystallised from water in tufts of hair-like crystals or bunches of radiati 
needles and proved to be a of the £-dioxide (Found : 

7; H.@5,67, N. #0 H,71; N.&2% A tetrah rate of the 
B-dioxkle would ire C, 56-4; »). _ This substance is many times as soluble in water as 
the «-tsomeride 6%, Alcohol at 25° bah). -% of it. It explodes at 210° (corr) and 
remains unchanged when kept im vacuo over anhydride 

The ¢ of molecular hyd: peroxide in this compound was confirmed by direct tests. The 
material available being insufficient for repeated reductometric anal by our usual procedure 
two experiments were made as follows. (a) 10 each of the «dioxide dihydrate and the B-dioxide 


complex were separately distilled with 1% sulphuric acid. The distillate from the 8-specimen 
ve a positive reaction for peroxide with iodide and starch whereas that from the e-dioxide did not. 

Hs) 10 Mg each of the adioxide dibydrate and of the B-dioxide complex were separately dissolved in 

pe sulphuric acid (5 mi. of 2n_) in a stream of nitrogen, and | ml. of 5%, potassium iodide and | ml. 


% starch solution added to each. The sxide complex gave an instantaneous blue colour, the 
a-dioxide a blue colour when Both were then very slow! ne with bed [t0- 
thiosulphate e-dicxide required 1-40 the £-dioxide complex 2-15 ml. o 
The latter thus has a content of total peroxidic oxvgen 50% higher than the to 
presence of one mol of hydrogen peroxide in the latter. 

The B-dioxide complex was reduced by zinc dust 4 acid solution to wed diphenylpip i 

The following salts of the #dlioxide were : the dipicrate, » yellow needles with a 
double and a straight extinction, explode at 207° (corr.) (Found : C, 461; H,34; N, 
15-2 H,,0,,N c, 2; H.33; N, 15-4%) the dihydrochloride, a white microcrystalline 
powder N, requires C, 55-1, H, G8; N, 82%): the 
dimitrate. thin or elongated with oblique ends, having double 
refraction and an oblique extinction, which explode at 224° (corr) (Found : C, 48-2; H,63. C,,H,O,N, 
requires C, 485; H, 51%). The S-dioxide also yields an aurichlonde. a sulphate, and a perchlorate 
more soluble in alcohol than the a-salts 


Cottror, Steann, 2 
Tus Lamoratory, W.C2. (Received, September 20th, 1949.) 


50. The Infra-red Spectra of Carcinogens. Part I. Derivatives 
of Stilbene. 
By H. W. THompsonx, Eva E. Vaco, M. C. Corrreco, and S. F. D. Orr. 
A survey has been made of the vibrational tra of some carcinogens. This paper 
describes results for derivatives of stilbene. The p awd provide data which may be useful 
for analytical work, and correlations have been drawn up between important spectral features 


and the individual molecular structures. By use of such correlations it may be possible to 
identify the type of substitution in aromatic rings existing in such compounds. 


Tre main purposes of this investigation were (a) to begin a comprehensive survey of the 
infra-red absorption spectra of complex molecules which are important in the field of cancer 
research, and (5) to correlate spectral features with molecular structure in related series of 
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molecules in which structural alterations are known to affect carcinogenic 
Brit. Med. Bull. 1947, 4, 331; Haddow, Harris, Kon, and Roe, Pas. Trans., 


The compilation of the spectra of these compounds may well form a valuable basis for analytical 
work, such as has been developed for by : 
Williams, and Barnes (J. Biol. Chem., 

is now known about the correlation of certain 

(Thompson, J., 1948, 328; Williams, Rev. Sci. Instr., 1948, 19, 135), and as more 

data have accumulated it has been found that the characteristic vibration frequencies of some 
groups may be affected by special electronic influences introduced by neighbouring substituents 
or structural factors. This has been illustrated clearly by the work on the steroids 
mentioned (Jones, Williams, Whalen, and Dobriner, J. Amer. Chem. Soc., 1948, 70, 2024). 
The present paper summarises results for some derivatives of stilbene. 


Experimental Method. 
The spectra were measured between 5 and 15 m using the powdered 

with paraffin and pressed between rock-salt plates. Between 7 and 15 » a 

was used with a rock-salt and between 5 and 8 g, where t 

water vapour is strong, a dou -beam recorder with a c m 
there are paraffin absorption bands, and also, when the paste is used, scattering 
lg For this reason some of the curves 
are uncertain, but no bands of major interest are to be expected here. 


Results and Discussion. 


The spectra are shown in Figs. 1—4. An experimental result of general in 
with some of these compounds the Christiansen effect was observed as described 


Fw. 1. 
Stilbene and derivatives. 


(1) Stilbeme. (2) 2:4: 4:6.” (a) 2-Amino- 


chedntnintenhients. Chem. Phys., 1948, 16, 1157). This was clearly detectable 
by the very rapid changes of transmission coefficient 

be significant that, in most cases of 4-dimethylami 

was particularly marked at about 1190 cm.-! (8-4 y.), but several absorption bands in the same 
spectrum were usually affected. 


i (Haddow, 
1948, 241, 147). 
Were stimulated CaITY OUL LIS DY stafl of the Chester 
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shown in the figures reveal differences between the isomeric compounds and 
homologues which may be useful for analytical work. 


Pre. 2. 


ys 


~ 


r 


800 900 100 1200 1300 1400 1500 1600 

cm 

(4) lamsno-2'- 


amine 


(2) 4- (3) stilbene. 


y . (6) 4Dimethyl- 
yistiibene. (7) 4 2’ . (8) 4-Dimethylamino-2° 4°: 
ne 


sthelets 


Fro. 3. 
Stilbene derwwatiwes 


(1) 4-Chlore-4-ds 


shel 


ami nostilbeme 


y (2) 3’-Bromc ths oti th. 
(4) (5) Di 
(6) Dimethylamino-2' -demethylstilbene 


(3) 2’-CAloro-4-dimethyi- 
meth yiamino 2 2/-dimethyl stilbene. 


Characteristic spectral features are to be expected of (a) the substituted aromatic nuclei, 
and (6) the “CH=CH™~ group. Of the former, perhaps the most striking is that which originates 
in the deformation of residual C-H bonds out of the plane of the substituted aromatic ring to 
which they are attached (Whiffen and Thompson, J., 1945, 268; Thompson and Torkington, 
Trans. Faraday Soc., 1945, 41, 246; Bell, Thompson, and Vago, Proc. Roy. Soc., 1948, A, 192, 
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Fis. 4. 
Stilbene derivatives. 


1) 2-M. 4-Bromostilbene. 
(1) 2-Methoxystilbene. (2) (4) 4-Acetylstilbene. (5) 4-Ethyl- 


Taste I. 
Characteristic vibration frequencies of different types of substituted stilbene derivatives. | 
Type of substitution, 


tetra. 
1:2:3:58, 


ltl? 


4-Dimethylamino .... 
4-Dimethylamino-2’- -methy! 
4-Dimethylamino-2’ “ethyl. 
4-Dimethylamino-2’-1s 
4-Dimethylamino-3’-methy 
4-Dimethylamino-4’ “methyl 
4-Dimethyl 2:6 thyl 
4: 


di. 
775 
778 


ia 


38 


498). Intense bands occur in the region 700—900 cm. according to the number and 
of substituents in the aromatic nucleus. Two other vibrations of the aromatic nucleus 
1500 cm.~' and 1600 cm.~' frequently occur, but their intensities, both absolute and rela’ 
each other, are variable. The C~H out-of-plane vibrations in the present series of compounds 
fall into line well with the earlier deductions. Table I summarises the data, from which it is 
seen that with few exceptions the different substitution types have vibration frequencies lying 
close to fixed values, ¢.¢., ortho-derivatives near 755 cm.', meta near 775 cm., para from 
805 to 820 cm.', 1:2: 4-trisubstituted derivatives near 805 cm, and 1:2:3: 5- 


(1950) 217 
2 
5 
6 
WW im ANA | 
700 800 300 1000 [200 [300 00 [500 1600 
tri 
Stilbene derivative. Mono °. 
750 -- 852 
2-Dimethylamino ..................... 740 752 we 
747 
762 
757 
757 
807 
-~Chioro-4-dimeth ylamino s22 
3’-Bromo-4-dimethylamino .......  — 12 
2’-Chiloro-4-dimethylamino ....... — 809 
2-Chiloro-4-dimethylamino ......... 755 
4-Dimethylamino-2’ : 4’-dimethy! $2) 
4: Bisdimethylamino 816 
4’-Bromo-4-amino ..................., 830 
835 
824 
@Ethylamino TO 810 
4Diethylamino TO 


218 Orr and Thompson : 


tetrasubstituted derivatives near 850 cm.'. The conjugation of highly polar groups such as 
NO, or CO-CH,, causes some displacement of frequencies, but this occurs also in simpler 
compounds when such groups are attached to single benzene nuclei. It therefore seems 
possible to use such correlation rules for diagnostic purposes with the stilbene derivatives. A 
further refinement may be added. The results of Table I suggest that an ambiguity may 
arise between monosubstituted and ortho-disubstituted rings, both having the strong band 

It was found, however, by Whiffen (Thesis, Oxtord, 1946) that a large variety of 
monosubstituted benzene derivatives have a strong band at 690—700 cm.', whilst the ortho- 
disubstituted derivatives have no such band. This band, occurs similarly with monosubstituted 
rings in the stilbenes, bat not with ortho-disubstituted rings. A similar band occurs with 
meta-disubstituted rings near 700 cm.-', but any ambiguity between monosubstituted and 
meta-disubstituted rings will as a rule be removed by consideration of their bands near 750 and 
775 cm.*, respectively. 

The spectra of olefins containing the ~CH—=CH~ group show a strong band near 965 cm. 
which arises from a vibration involving deformation of the C-H bonds. This occurs with all 
the stilbenes measured, although it is slightly displaced in the different cases. Any alteration 
in the electronic structure of this group caused by substituents in the phenyl nuclei might be 
expected to modify the frequency; alternatively, large groups in the ortho-positions might so 
affect the structure as to influence its vibration. There is some indication that the presence of 
blocking-groups in the ortho-positions raises the frequency, but it cannot be regarded as definite. 

One question upon which the present results give no guide is the coplanarity or otherwise 
of the two phenyl nuclei. The possible connexion between this and carcinogenic activity 
has been discussed by Haddow, Harris, Kon, and Roe (Joc. cit.). It seems possible that, by use 
of the rules given above for the identification of particular nuclei substituted in different ways, 
the study of single crystals with polarised radiation and the reflecting microscope (Barer, Cole, 
and Thompson, Nature, 1949, 163, 108) may throw further light on this. 

Another general matter is being examined, namely, the effect of the state of aggregation on 
the spectra. There are signs of small! shifts in the positions of some bands on changing from 
solids to solutions, and this may to some extent affect the application of structural diagnosis. 


We are most grateful to Prof. G. A. R. Kon, F.R.S., for the specimens of aminostilbenes examined. 
Tue Pwysicat Cuemistey Lasoratory, Oxrorp. (Recewed, J ume With, 1949.) 


51. The Infra-red Spectra of Carcinogens. Part II. Polynuclear 
Hydrocarbons. 


By S. F. D. Orr and H. W. THompson. 


spectra of some polynuclear aromatic hydrocarbons, which are of interest in 
cancer research, have been measured. Attempts have been made to correlate tral features 


with molecular structure, particularly with regard to the vibrations of C—H in substituted 
aromatic rings. 


I~ continuation of work described in the preceding paper, we now give results for the spectra 
of some polynuclear hydrocarbons and a few related molecules. As before, the data may 
be useful for analytical work, and as regards the correlation of spectrum with molecular 
structure it was interesting to discover how far the rules given in the previous paper for the 
identification of aromatic nuclei substituted in different positions are applicable when the 
substituent bonds are themselves part of other rings of the ring-system. 

The experimental methods were as described in the preceding paper, except that most of 
the spectra were measured on a Perkin Elmer 12 C spectrometer, with a prism of rock salt or 
lithium fluonde. The compounds were measured as thin solid films made by melting a small 
sample and pressing it between rock-salt plates. In the case of 9; 10-dily 
which tends to decompose on melting, a paste in paraffin was used. 

The spectra are shown in Figs. 1, 2, and 3. The broad features of the spectra of the 
1. 2-benzanthracenes (Pig. 1) are a number of strong bands between 700 and 900 cm,“, a 
region of comparative transparency at 900-—-1200 cm.-', and a complex arrangement of bands 
between 1200 and 1700 cm.*. The vibrations giving rise to the intense bands at 700-—900 cm.-' 
will include the out-of-plane deformations of C—-H bonds in the substituted aromatic rings. It 
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is clear that in the present set of compounds the situation is more complex than with the 


ring, 
usual. This rule for | : 2-disubstitution also appears to hold for the other compounds in Figs. 2 
and 3, except 9: 10-dihydroanthracene and anthracene itself, but in many cases there is a shift 
of 10 cm.“ to higher or lower frequencies. 
Pic. 1. 
1. 2-Bensanthracenes. 


800 900 00 1200 Moo 1500 1600 
(2) 5-Methyl-1 : 2-benzanthracene. (3) 5-Ethyl-1 4) 
(8) 2’: 6-Dimethy!-1 2-bensanthracene. (9 10- 2- 
(10) 6:9: 10-Trimethyl-1 2-benzanthracene. (11) 5 : 6-cycloPenteno-1 2-bens:- 


Another noticeable characteristic of the benzanthracenes (Fig. 1) is a strong band near 
$90 cm,“*, which occurs in all cases unless there is substitution also in the ® : 10-positions. 
This suggests that the central ring can be regarded as being substituted in the 1: 2:4: 5- 
positions. For ordinary |: 2: 4: 5-tetrasubstituted benzene derivatives, a band has 
been found at about §75cm.*. It should be noted however that 9-methyl-I : 2-benzanthracene 
has a weaker band at 890 cm.". Among the other compounds of Figs. 2 and 3 with one 
exception all those with an unsubstituted middle anthracene ring show the band near 890 cm.-', 
and with one exception it is absent from molecules with essentially different structures, such 
as a reduced middle anthracene ring. The exception is again 9 : 10-dihydroanthracene, which 
shows a band near 890 cm.-', although this is weaker than usual. 

The other strong bands between 700 and 900 cm.“ are more difficult to correlate. One 
possible regularity is suggested by the strong bands at 800—-810 cm.~* found in all 
(except acridine derivatives) containing 1 : 2:3: 4-substitution. Although simple 1: 2:3: 4- 
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Fis. 2. 
Libencanthracenes and anthracencs. 


(1) 23 (2) 1: 2-5 6-Dibensanthracene (3) 1; 2-6: 7-Dibenzanthracene. (4) 
25 G-debensanthracene (5) “Methyl: 2-5: _ (6) Anthracene. 
(1) 2 (8) 9. 10-Dihydroanthracene 
Fie. 3 
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characteristic C——H out-of-plane frequency in this type, we might argue by extrapolation from 
the results with the other compounds that it would have a value close to that just found. 

A less prominent band which seems to persist throughout the | : 2-b th hes near 
1240 cm.-', although here a few smal! deviations occur which, taken with the weaker nature of 

In the region 2800-3100 cm.“ these compounds have bands due to the C-~H stretching 
vibrations. Beyond the general and expected result that the aromatic C--H vibrations give 
bands at 3000-3100 cm.“ and the aliphatic C--H vibrations at lower frequencies, 2850— 
2950 cm.', no very significant conclusions can at present be drawn. 


We are again indebted to Prof. G. A. R. Kon, F.R.S., for most of the pure hydrocarbon examined. 
Tue Pwvsica, Cuemistey Laporatory, Oxrorp. (Received, June 30th, 1049.) 


52. Infra-red Studies of Retene and its Hydrogenation Products. 
By P. V. Laakso, S. F. D. Orr, and H. W. THompson. 


The infra-red absorption spectra of retene, dihydroretene, octah 

retene have been measured, between 3 and They have been used to 

methods of study the nature of the products formed in the hydrogenation of retene by 
diflerent methods. me has been found that these products are confined to dihydro-, octahydro- 
and perhydro-retene, and this corresponds to the stability of these compounds in which only 
aromatic and fully saturated rings occur. Similar reactions invol the catalytic 
dehydrogenation of hydroretenes have been examined. A melting-point di is given 
for retene and dihydroretene, which form a complete series of crystals. 


Tue presence of the phenanthrene nucleus in such important classes of compound as the 
sterols, bile acids, and certain alkaloids has prompted further work on naturally occurring 
polynuclear aromatic compounds and their derivatives. 

Retene (I)) is of particular interest in relation to the 
resin acids and the diterpenes. It can theoretically form seven hydroretenes, in which 2, 4, 6, 


cH, CH, cH, CH, cH, CH, cH, "CH, cH, CH, 


uv) 


8, 10, 12, and 14 hydrogen atoms respectively have been added to the molecule. Retene and 
perhydroretene can each exist in only one form, but all the others are capable of structural 


four hydrogen atoms has been absorbed, no tetrahydroretene is found but 
perhydroretene. 


CH H H 
\ 
NF cH, CH, cH, 
(iL) (11) | 
on which bond has been saturated, and with the more fully hydrogenated derivatives the 
number of isomers is still greater. On theoretical grounds, the isomers may differ greatly in 
stability, and in practice dihydroretene is found only as the 9 ; 10-compound (II), formed from 
retene cither by catalytic reduction or by the action of sodium and amyl alcohol. On grounds 
of ring strain, the most stable derivatives would be expected to be dihydroretene, octahydroretene 
(III), and perhydroretene (IV). These derivatives should be formed preferentially in the 
catalytic reduction of retene. It has been shown, for example, that reduction of retene in ; 
presence of a nickel catalyst gives perhydroretene (Ipatiev, Ber., 1900, 42, 2005; Laakso, 
Ann. Acad. Sci. Fennica, 1949, A, No. 28), whilst if copper chromite is used a mixture of 
dihydroretene and octahydroretene is formed (Laakso, /oc. cit.). Whenever the hydrogenation 
with a nickel catalyst is interrupted before the full complement of hydrogen has been taken up, 
a mixture of these particular hydroretenes and retene is obtained. Thus, if the equivalent of 


222 Laakso, Orr, and Thompson: Infra-red Studies of 
However, Bamberger and Lodter (Ber. 1081, 99, 9073) claimed to have 


sumilarly using 

and Virtanen a whole series of hydroretencs by the same methods (Ber, 1920, 53, 

these investigtions no chemical! tests were given which characterised the products, which might 
have been mixtures. It therefore seemed appropriate to apply infra-red absorption 
spectroscopy to the problem, and the results have indeed substantiated the argument outlined 
above about the relative stability of the hydroretenes. Some analogous problems involved 
in the dehydrogenation of hydroretene have been examined by the same method. 

The spectrometers used were automatic recorders, described in detail elsewhere (Thompson 
and Whiffen, 7., 1945, 269; Richards and Thompson, this vol., p. 124). A rock-salt prism 
was used for most of the work, but the region 2-—7 yu. was also measured with prisms of calcium 
fluoride and lithium fluoride. The compounds were measured as thin solid layers melted on 
rock-salt plates, as liquids, or in dilute solutions in carbon tetrachloride or bromoform as 
indicated below. 

The Hydrogenation of Retene.--The spectra of pure samples of retene, dihydroretenc, 
octahydroretene, and perhydroretene were first determined for reference. These are shown in 
Pigs. | and 2 


Fro. 1. 


1000 


(1) Retene, solid film. (2) —y (3) Octahydroretene, liquid. 


Part of the spectrum of retene was previously recorded by Barnes, Gore, Liddel, and 
Williams (Jad. Eng. Chem. Anal., 1943, 15, 659). It is seen that well-marked differences 
compounds, and it seems certain that other hydroretenes would have equally distinctive 
features. 

Attempts were then made to prepare tetrahydro-, hexahydro-, octahydro-, and decahydro- 
retene by the methods described by Virtanen. For tetrahydro-retene, retene was reduced 
by sodium in amy! aleoho! in several ways, namely, (a) with a small amount of sodium and 
heating with an open flame, (6) with a larger amount of sodium and similar heating, (c) with a 
further excess of sodium, and (¢) with an excess of sodium but heating in an oil-bath. The 
spectra of the products, and of distillation fractions from each of them, were then measured. 
In the first three cases, a moderately strong band, the originator of which appeared to become 
concentrated in the higher-boiling fractions, occurred at 1740 cm.-' and was attributed to a 
carbonyl! group. This did not occur with material obtained by method (d) in which local 
over-heating was avoided, and the compound responsible for it, which could not have been 
present in great amount, can be confidently regarded as a by-product formed from amy! alcohol. 
All the other bands in the spectra could be satisfactorily accounted for as a mixture of two or 
more of those of retene, dihydroretene, and octahydroretene. 

The more saturated hydroretenes were made by reduction of retene with phosphorus and 
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iodide. In this case all the bands found in the spectra of the products were explicable 

in terms of retene, dihydroretene, octahydroretene, and perhydroretene. As the proportion of 

hydrogen taken up is increased, the more fully hydrogenated derivatives become more prominent, 
as might be 

It was found that the boiling point of the mixture of hydrogenation products did not vary 

gradually and continuously during a distillation, and this suggested the formation of azeotropic 

mixtures. It will be shown later that retene and dihydroretene form a complete series of mixed 


isation, was 

dehydrogenated with Raney nickel, it did not evolve the full equivalent of hydrogen, but about 
10% less (Laakso, Ann. Acad. Sci. Fennica, 1949, A, No. 32). 
result might have arisen by disproportionation. The spectral examination of the sample of 
dihydroretene showed however that it contained a small amount of retene. By repeated 
, it was possible to prepare a specimen of dihydroretene, m. p. 56—58", the 

spectrum of which was free from the bands of retene. Seapdicbetead cus sound to tenet 


Fic. 3. 


Retene, 2%. 2) Dihydroretene, 2%. 
3) Octahydroretene, 2%. 
Perhydroretene, 1%, 


concentrated in the mother-liquor rather than in the crystals, and 

found in the last mother-liquor after fractional evaporation and filtration of 

alcoholic solution. Retene and dihydroretene appear to form a complete 

mixed crystals, the melting point increasing as the percentage of retene increases 

The presence of retene in the sample of dihydroretene would account for the deficit of hydrogen 
discussed Indeed, the gradual melting over 2° of the sample 


. At the same time much methane is formed. 
These results can be expiained by the occurrence of two reactions simultaneously with the 


straight dehydrogenation. 
In the first, disproportionation leads to retene and perhydroretene : 
—> + CoH, + My 


~ 
crystals. 
Dehydrogenation of Hydroretenes.—When a sample of dihydroretene, which had 
Fie. 2. 
Solutions im carbom tetrachionide. 
cm-* 
2800 2900 3000 

of dihydroretene thought to be pure suggests that about 1% of impurity may : be present, 
but the spectra show definitely that this impurity cannot be retene. 

Simultaneously with the liberation of hydrogen in the dehydrogenation process, methane is 
formed. This presumably comes from a degradation of the isopropyl group, but spectral 
changes which might confirm this would be slight and have not been detected. 

The dehydrogenation of octahydroretene has also been studied. With Raney nickel at 

; 220° a smooth reaction occurs in which hydrogen is liberated, but in smaller amount than would 
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and in the second, the tsopropy! radica! loses methane, subsequent dehydrogenation leading to 


cH, CH, 


cH, 


The product obtained from the dehydrogenation of octahydroretene was found spectro- 
scopically to show bands of retene and perhydroretene, and also other unexplained bands. 
The sample was then separated into a crystalline and an oily fraction. The former was almost 
pure retene; the latter contained much perhydroretene and also the unidentified component. 
Although the third component could not be completely identified from its spectral features, 
there is no doubt that it contains aromatic nuclei and methyl groups. It has not yet been 
possible to obtain a synthetic sample of 1-methyl-7-cthylphenanthrene to establish the 
expected identity. 


EXPERIMENTAL. 


Retene.-The retene used in these experiments was prepared, from the higher fractions of tar, by 
distillation and fractional distillation (Talvitie and Laakso, Ann. Acad. Sa. Fennica, 1946, A, No. 2), 
10). The m. p. of the pure sample was 08-08-5° 

Dihydroretene ——The dihydro-compound was prepared by the reduction of retene with sodium in 
amy! alcohol (Virtanen, loc. cit.). The infra-red spectrum showed that the product still contained retene, 
but a retene-free sample, m. p. 56-58", was isolated from the mother-liquor. A better method for the 
preparation of pure dibydroretene is to use more sodium, under slightly modified conditions 

10 G. of retene were dissolved in 100 cc, of dry amy! alcohol and heated in an oil-bath at 130°. 8G. 
of extiam were added during 2 hours. When all the sodium had dissolved the reaction mixture was 
poured into water, and the amy! alcohol layer separated and washed with water until it was neutral. 
Amy! alcohol was distilled off in steam, and the residual mixture of hydroretenes at —10° over- 
night. The crystals formed were filtered off and recrystallised twice from alc . The resultant 
dihydro-compound had m. p. 56-58", and was shown by its infra-red spectrum to contain no trace of 
retene 

Octahydroretene —This was prepared by ic reduction of retene with a copper chromite catalyst 
Restos, Aun, Acad. Sua. Fennica, 1049, A, “he. 28). It was a pale yellow, very viscous oil, b. p. 

91-192" 10 mm 

Perhydroretene This hydrocarbon was prepared by the catalytic reduction of retene with a nickel- 
kieselgubr catalyst (Laakso, loc. esf.). It was a colourless, not very viscous, oil, b. p. 332—335° /760 mm. 

Preparation of With direct heati A soluti of of retene in 
75 «.c. of amyl aleohol was heated to boiling on a wire-gauze, and 9 g. of sodium, cut into small 
pieces, were added during 2 hours. The mixture was pured into water, the amy! alcohol layer was 
separated, the solvents were removed by distillation, “ tetrahydroretene " was isolated as described 
by Virtanen, as a yellowish viscous oil, b. p. 180—~183°/10 mm. 

(b) With excess of sodium and direct heating, 10G of retene in 400 c.c. of amy! alcohol were heated 
to boiling on a wire-ganze. 25 G. of sodium, cut in small pieces, were added during 3 hours. oe 
treatment was as in (a) above. three different fractions being collected during distillation under 


pressure 

(c) With excess of sodium and indirect heating. The procedure was the same as in (b), but the flask 
was placed in an oil-bath heated to 130°. The product was distilled im vacuo three times, and two main 
fractions were taken. The first fraction (2-5 g.), b 190-195" /1-0 mm., a yellow, viscous oil, was 

re octahydroretene (Found: C, 865; H, 10-6. C for C, 802; H, 0 8%). The second 
traction (3-0 ¢), b. p, 220-223" at) mm., a yellow viscous oi, gave anal 
tetrahydroretene (Found: C, 905; H, 93. Cale. for C, 90-7 

Reduction of Octahydroretene with Sodium. —5 G. of were dissolved in 100 c.c. of 
amy! alcohol and heated at 130° in an oil-bath. 10 G. of sodium, in small lumps, were added during 
2hours. Subsequent treatment, as in (a) above, gave 4 ¢. of a product, b. p. 190—195°/1-0 mm., which 
was a viscous yellow oil, identical with the orginal sample of octah 

Preparation of  Hexakydroretene.”’—6 G, of retene, 7 g. of hydrogen iodide, and 3 g. of red phosphorus 
were heated in an atmosphere of carbon dioxide, in a sealed tube, so that the temperature rose to 200° 
during 3 hours. The tube was maintained at this temperature for 10 hours as described by Virtanen 
(lec. ext). The product was boiled with water and extracted with ether, the ethereal extract was washed 
with water and dried (Na,SO,), the ether was evaporated, and the residue was distilled im vacuo. 
fraction, b. p. 175-—177°/10 mm., was collected, and its analysis found to cement to that for 
hexahydroretene (Found: C, 90-1; H, 10-2. Cale. for C,,H,,: C, 89-9; H, 10-19%). 

Preparation of Octakydroretene —-The procedure was the same as above, but the temperature was 
taised to 240° during 4 hours and was maintained at that level for 10 hours. The fraction, b. p. 


— 
C + 3H, + CH, 

‘CH, 
| 
| 
| 
| 
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163—165°/10 mm., was collected : its analysis corresponded to that of octahydroretene (Found: C, 
891; H, 107. Cale. for CygHy, : H, 10-8%). 

Preparation The procedure was again as above, but the was raised 
to 285° during 4 hours and maintained for 10 hours. 
was collected and gave an analysis corresponding to decahydroretene (Found 88-7; H, 11-2. Cale. 


for C, : C, 88-5; H, 11-54%). 
Dihydroretene.—1\ G. of dihydroretene, m. p. 64—65", and 0-3 g. of Raney nickel 
The 


dehydrogenation produc 
by tration It had m. . 89—01", raised by recrystallisation to $6-—09" 


) Incomplete octahydroretene 
b. p. and 03 ¢. of ney nickel were peated, about S00 of gas had 


been evolved (corresponding to t2 of hydrogen). The dehydrogenation product was 
in ether and separated from the catalyst by filtration. 


b) de. . G. of octaly 191-193" 10 and 3 


een and, on cooling divided into a crystalline 
and an oily part. The crystals, m. p. 98-09", almost pure retene; the oily part was divided 
two factions of di@erant boiling point and their tafra-ced spectra examined. 
Tux Dysow Pexnins LaBoRATORY AND THE 
Puysica, Cusmistry Lasoratory, Oxrorp. (Received, June 30th, 1949.) 


53. Vibrational Spectra of Alkyl Esters of Phosphorus Oxy-acids. 
By C. I. Meyrick and H. W. Tompson. 


measured and correlated with the molecular ens 


links are 
hydrogen bridge formation with neighbouring oxygen atoms. 


ALTHOUGAH few previous studies of the vibrational spectra of the organic derivatives of phosphorus 
oxy-acids have been recorded, the subject is interesting in several connexions. First, it would 
be useful to know whether characteristic oscillation frequencies exist for the P—O and P-—-O 
linkages, and the measurement of band intensities in the infra-red and Raman spectra might 
provide information about the ionic character and polarisability of these bonds. Similar measure- 
ments have recently been made for silicon-oxygen bonds (Richards and Thompson, /., 1949, 124) 
= for related structures such as the C—O linkage (Hartwell, Richards, and Thompson, /., 

1436). Secondly, the increasing application of infra-red measurements to biochemical 
pe both for analysis and for structural diagnosis, makes it desirable to have spectra of 
relevant compounds containing phosphorus for reference purposes in connexion with possible 
studies of phosphate metabolism and general work of this kind. Thirdly, some questions 
about the structure of the phosphorus oxy-acids themselves may be elucifated from the 
vibrational spectra. 

A survey has therefore been begun of the Raman and infra-red spectra of a series of alkyl! 
esters of phosphorus oxy-acids, and the present paper summarizes the results for several classes 
of compound. It will be found that useful conclusions can already be drawn with regard to 
some of the points indicated above. 


EXPERIMENTAL METHOD. 


The compounds whose spectra have been measured were synthetic products supplied the 
Chemical Defence Experimental Establishment, Porton : ” 
B. p. 
1-4030 38° /2-5 mm. 
hydrogen phosphite 1-4080 41-5/0-5 mm. 
Trimethy! phosphite 14088 86-5/351 mm. 
iethyl i 14130 74/21 mm 
yl meth bes 1-4148 79-7 /20 mm. 
eee mm. 
Diethyl 1-4161 66 —66-5/3 mm. 
Diisopropyl 14161 38 /0-09 mm. 


have been 
ve phosphites 
show a band which indicates a P--H bond, and - a structure u for these 
a 
Ss 


rapidly 
to indicate some of the spectral changes likely to occur in such circumstances. 


The Kaman «p were a using a Hilger E518 instrument with glass 
priem, [ford H_P. 3 plates being used 


aciting source was a 500-watt Hanovia cylindrical 


1) Dimethyl hydrogen phosphite. (2) Diethyl hydrogen . Ditsopropyl hydrogen ‘te. 
(4) Trimethyl phosphite. riethy! phosphite 


liquid used , and also different spectral regions for a given compound were measured with different 
thicknesses of material in order to bring up weak bands. This does not, however, affect the 
main conclusions of the present work. For later quantitative measurements on the intensities 
of the bands, it will be necessary to use known concentrations in a solvent, or alternatively known 
pressures of the vapours, It may be noted that the bands between 1300 and 1550 cm.“ are 
usually much weaker than many others in the spectra. 

The Raman data and the position of the infra-red absorption bands are summarised in 
Table I and I, 


Discussion, 

A number of interesting deductions can be made from these results. For example, in both 
the infra-red and the Raman spectra, the dialky! hydrogen phosphites show a band near 2435 
cm,~* which is absent from the spectra of all other compounds. There can be no doubt that this 
is due to a stretching vibration of the P-~H link, corresponding to that of Si--H bonds near 
2200 cm.*. In phosphine there is a stretching vibration frequency at 2327 cm.*. Now 
the phosphonates have formula (I), and the trialky! phosphites (II). For the dialkyl hydrogen 
phosphites two possibilities arise, namely (III) and (1V), and the spectra therefore indicate (IV), 


226 Meyrick and Thompson: Vibrational Spectra of 
The infra-red spectra between 2 and 2-5. were measured with a Perkin Elmer 12 C recording spectro- 
meter, with prisms of rock salt, potassium bromide, and lithiam fluoride. Some spectra between 
6 and l5p were also recorded on 4 single-beam spectrometer which has been described elsewhere (Whiffen 
and Samgem, J.. 1945, 26%). Hitherto, thin films of the liquids have been used, pressed between a 
: of rock salt of potassium bromide plates. Care was taken to minimise hydrolysis of the samples 
arc, placed alongade a cylindrical glass tube containing a copper-ammoniom salt solution. The latter 
ected both as a filter for the 4358. line and as a condensing lens. The slight continuum was reduced 
by the introduction of further filters, a dilute solution of a rhodamine dye being sometimes used. Lines 
from a copper arc and neon discharge tube were used as reference standards. 
Resuts. 
a The infra-red absorption spectra are shown in Figs. 1 and 2. The intensities for different 
F compounds are not strictly comparable owing to the small differences in the thickness of the 
Fro. 1. 
em 
! 
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at any rate for the compounds measured. Jt is possible, however, that when the radicals R 
are changed this conclusion may not apply. 


) 
Fre. 2. 


T 


(1) Dimethyl 


| 
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Taste | (continued), 

Trimethy! phosphite Triethyl phosphite 
Infra-red. Kaman. infra-red. Kaman. Infra-red. Raman Infra-red. Raman. 
Si6m 1462 14586 536 m 1265 12727 

2785 555 1275 

ob 28385 28405 737 7405 1390 
776 2902 m 772 1445 14458 

20466 20426 7056 1478 

10166 m 2985 m 918s 2764 

1060 m 1058 m 042 m 2821 
1088 1035 « 1030 m 2888 m 287465 

1061 2003 m 
11836 1007 1095 m 2933 5 20285 
1265 1163 2081s 2075s 
Taste I. 
Phosphonates. 


(Position of bands in cm.’ ; s strong, m medium, w ~ weak, b broad.) 
Dimethyl methylphosphonate. Diethy! methylphosphonate Dissopropy! methylphosphonate. 


300? 485 470 w 495 m 
463 TOs 
495 m 71568 764 m 
706s SOR S80 m 
7806 758 m 8065 w 
S226 816m 983 
m 939 1008 
55 1034 
10326 1072 w 1023 5 1059 
1060 6 1057 w 10495 1102 m 
1185 m 1000 5 1100 m 1146 m 1140 w 
1240 m 1164 m 1180 m 
12505 1239 m 1248s 1240 m 
1315 m 1314s 1315 m 
1419 1421 m 1365 1375 1350 m 
1463 1465 m 1390 1390 
2851 m 1420 1420 
2938 m 2020s 1448 1445 m 1458 14455 
200665 2061 w 1480 1468 
20895 29005 2863 2778 m 
2880 w 2851 2835 w 
2923 m 2879 2870 m 
2043 m 29355 2934 m 2930 
20955 2900 5 2983 5 2085 5 
Ditsopropy! eth 
Infra-red. Raman. Infra-red. Raman. Infra-red. Raman. Infra-red. Raman 
4836 500 w 12546 485 1165 
S225 1292 1288 m 504 502 w 1180 
609s 1367 5455 12245 
742 700s 1251 m 
Ti7m 1420? 778 1286 
TMs 1448 796s 1375 
Silw 1460 1460 5 887 890 m 1388 
938 1480 897 1418 
O58» 2853 959 1450 1450 s 
2893 2895 w 986 5 1460 
10265 1008 1469 
loa? 1040 w 2945 m 20405 1023 2855 
lode 2085 5 2900s 1042 2889 2890 w 
1100 m ! 2042 m 20405 
1165 1107 1100 m 2983 s 2085s 
1230s 1230 w 1142 : 


The very broad nature of the infra-red band at 2435 cm.-* and the equally broad and diffuse 
nature of the corresponding Raman line suggest that in the liquid state this P—-H bond may be 
associated in a bridge through oxygen atoms similar to the familar hydrogen bridge in 


B Infra-red Rama: Infra-red Raman Infra-red Raman 
| 
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~-O--H---O or -N--H~-~ ~ Om systems, in this case leading to structures such as (V}. 
Measurements with dilute solutions are now being planned to examine this further. 


RO R 
Vv) 


We may now consider other correlations involving the P--O-~C skeleton. A previous 
for phosphites and phosphonates based upon a few isolated measurements (Thompson, 

J 1948, 328) must now be regarded as invalid, since it is not borne out by the present results 
and can now be interpreted in another way. All the compounds except the trialkyl phosphites 
have an intense band at 1250—1260 cm.+, although in the more complex derivatives a doubling 
It seems very probable that this band is associated with the stretchings of the 

P—=O linkage. In the case of phosphorus oxychloride, POCI,, the Raman frequency of 1295 

cm.~' has been assigned to this vibration (Yost and Anderson, J. Chem. Physics, 1934, 2, 624), 
and there is usually a corresponding Raman frequency with the phosphonates, as 
was also pointed out by Arbusov, Batuev, and Vinogradova (Compt. rend. Acad. Sci, U.R.S.S., 
1946, 54, 599). 

All the compounds now measured have a band near 795 cm.*, with the exception of diethyl 
methylphosphonate where a splitting seems to occur. This frequency also occurs in some of the 
Raman spectra. It may be attributed to a vibration which is largely controlled by the 
stretching of the P-——O bond in the skeleton P--O—C, and having regard to the change in 
reduced mass would fall roughly into line with the corresponding frequencies for C—O and Si-—O 
bands found previously (Thompson and Torkington, J., 1945, 640; Richards and Thompson, 
J., 1949, 124). Although this correlation is still uncertain, a further argument in support of it 
at 795 cm.“ disappears, as the skeleton undergoes the important change ~P--O-—-C to 
-~P—O—-H. 

The absorption bands in the region 2800—3000 cm.-', which are connected with stretching 
vibrations of C—H bonds, reveal a close parallelism between the different compounds examined. 
It is clear that there are frequencies typical of CH, and CH, groups which may also differ slightly 
according to whether they are attached to carbon or to phosphorus. The spectra of all the 
compounds containing two or three methoxy-groups have an infra-red band at 2840-2860 cm.-* 
lying lower than the remainder, and the location and relative intensities of the other bands 
between 2900 and 3000 cm." are closely parallel with the alkyl radicals concerned. It may alec 
be noted that examination of the region 1350—1500 cm.-', where the deformation vibrations of 
alky! groups occur, reveals similar regularities. The differences are so well marked as to be a 
possible means for the identification and estimation of the alkyl groups concerned, 

In the other parts of the spectrum there are some regularities which suggest possible correlation 
rules, but with less convincing precision. The dialkyl hydrogen phosphites have a strong 
band near 550 cm.-', and in addition all the compounds have a band near 500 cm.*. Between 
900 and 1200 cm.-' there will be skeleton vibrations controlled by ~C-—-O and possibly ~P-—-C 
bonds. Here too, some regularities occur according to the alkoxy-radicals concerned, but the 
situation is complex. In some respects the position is similar to that found in esters and 
alkoxysilanes. The derivatives containing isopropyl radicals show very similar spectra between 
850 and 1050 cm.*. 

It is evident that interesting comparisons may be made if the extinction coefficients of some 
of the key bands are determined. It may then be possible to correlate the ionic character of 
bonds such as P—O, S—O, and N—O, or P—-O and C—O, These measurements are now to 
be carried out with vapours and solutions, 


w indebted to Dr. FD va the compounds examined, and we thank the Chief Scientific 
Officer, Ministry of of Supply, for permission to publish the results. he 
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54. Researches on Acetylenic Compounds. Part XXII. The Reaction 
Between Nickel Carbonyl and Monosubstituted Acetylenic Compounds. 
By E. R. H. Jowes, T. Y. and C, Wurrinc. 


The reaction between monosubstituted acet mage peer (RCSCH), nickel carbonyl, and water in 
the presence of acids leads to the formation of e-substituted ac acids (RC(CO,H)=—C 
The 2 ee een of this reaction to various types of acetylenic alcohol has been studied ; 
substituted acrylic ackis are obtained, but with ef-acetylenic carbinols [+.¢. 
citi "eaeds bon it is preferable to employ the acetates rather than the tree alcohols, and 
ts from By-acetylenic carbinols [¢ ¢., cyclise spontaneously 
to alee In this way the synthews of the naturally occurring antibiotic, «-methylene- 
butyrolactones, has been achieved. The behaviour of certain other monosubstituted acetylenes 
ps genaeaate and some conclusions relating to the part played by water in the reaction 
are 


CERTAIN reports on wartime work by W. Reppe and his co-workers (B 1.0.S. Final Reports 
Nos, 266, 355, and 358; see also Experientia, 1949, 5, 93) contain brief descriptions of a novel 
reaction in which acetylenic compounds are treated either with nickel carbonyl! and an acid 
at about 40° (" stoicheiometric process ") or with carbon monoxide under pressure at 100-—-180° 
in the presence of a nickel halide (" catalytic process"). In each case a compound possessing 
an active hydrogen atom, ¢g., water or an alcohol, is also present. The overal! equations 
are given as: 


Stotcherometric 
4ROSCH + NCO), + + 2HCI + Nici, + H, 
Catalytic 
ROSCH + CO + EtOH RC 
+ CO + (CO,E)=CH, 


It is implied that when carbon monoxide and a nickel halide are used nickel carbony! is formed 
in site and is the effective catalyst, and that the two methods are essentially similar. Acrylic 
acid or its derivatives are formed from acetylene itself, and it is stated that mono- and 
di-substituted acetylenes give, respectively, a-substituted and 2$-disubstituted acrylic acids, 
unsymmetrical disubstituted acetylenes giving a mixture of the two possible products. It is 
claimed that alcohols, water, amines, and thiols can be used as the active-hydrogen-containing 
component, and that a wide variety of acetylenes may be employed; however, except in the 
case of acetylene itself, no experimental details are given. 

The reaction between some monosubstituted acetylenes (mostly aleohols of various types), 
nickel carbonyl, and water in the presence of acids ("' stoicheiometric process '’) has been examined, 
partly in order to prepare some otherwise inaccessible 28-unsaturated lactones and hydroxy-acids 
of possible biological interest (cf. Haynes, Quarterly Reviews, 1948, 2, 46) and partly in an attempt 
to obtain information concerning the mechanism of this reaction. Work directed towards the 
second end is still in progress, and the present contribution is concerned only with the preparative 
aspect of the reaction and with the part played in it by water. Once a moderately satisfactory 
technique for effecting the reaction had been evolved it was applied to a variety of compounds 
with little variation; the conditions employed are therefore to some extent arbitrary. 

Because of the lack of information on the German work, reactions with the hydrocarbons, 
hex-l-yne and phenylacetylene, were first carried out. When cither of these was dissolved 
in a mixtere of ethanol and concentrated hydrochloric acid and treated with an alcoholic 
solution of nickel carbonyl! at about 55° an exothermic reaction took place after a short induction 
period. The proportions of the reactants were in accordance with the equation already given 
except that ethanol was used in large excess as the solvent and, because of the difficulty of 
weighing accurately smal! quantities of nickel carbonyl, a moderate (10-—25%) excess was 
always employed. Isolation of the neutral fraction at the end of the reaction gave ethyl 
«-butylacrylate and ethy! atropate, each in about 50%, yield; in the case of phen 


ylacetylene 

it was also possible to isolate a smal! quantity (5% yield) of atropic acid, presumably in 
equilibrium with the ester, None of the starting material was recoverable in either case. 

When this method was applied to representative af§-acetylenic carbinols (propylethyny!- 

carbinol and l-ethynyleyc/ohexanol) however, no exothermic reactions were observed, no 

’ appreciable yields of the expected hydroxy-esters were obtained, and in both cases considerable 
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amounts of the starting Watenals were recovered. In an endeavour to find satisiactory methods 


»-propanol and acetic acid was treated with nickel carbony! at 95° a violent reaction took place, 
and distillation of the neutral fraction gave some heterogeneous high-boiling material. Finally 
it was found that the acetate of propylethynylcarbinol (1) underwent a smooth exothermic 
reaction in ethanol containing acetic acid, although the induction period was rather lengthy 
unless a temperature of about 70° was used. Surprisingly, distillation of the neutral fraction 
of the reaction product gave very little volatile material, which moreover was heterogencous. 
The acidic fraction on the other hand was appreciable in quantity and crystallised readily, 
giving the acefory-acid (11), m. p. 69°, in 40% yield. 


(L) CHPr(OAc)}C=CH —» CHPr(OAc)C(COM)=CH, (IT) 
It was concluded that in this reaction, since the free acid and not the ester was formed, water 


glacial acetic acid in slight excess, and 
05—2 molecular equivalents of water (within these limits the amount used appeared to be 
immaterial) with a reaction temperature of about 70°, was now applied to a number of acetylenes, 
It gave satisfactory yields of the free acids (35% and 48%) with the hydrocarbons, hex-l-yne 
and phenylacetylene, and also with the acetates of phenylethynylcarbinol a nee 
alcohol (40%). The tertiary carbinyl acetates derived from dimethylethynylicarbinol and 
l-ethynyleyclohexanol, however, still failed to react exothermally, although in the latter case 
isolation of the acidic fraction of the reaction mixture gave a very smal! yield of the expected 
acetoxy-acid (111; R,R, Ry Ac), m. p. 98°5°. Rather unexpectedly propargyl 
alcohol reacted exothermally under these conditions, but the isolation of the product, presumably 


(IIL) 
the somewhat unstable and very water-soluble hydroxy-acid (111; R, = R, « R, «= H), was 
not possible. Phenylethynylcarbinol itself failed to react exothermally, but isolation of the 
product gave a 10% yield of the expected Aydrory-acid (111; 
R, = R, =~ R, = H), accompanied by much syrupy, acidic material. 

ps aay with a$-acetylenic carbinols and their acetates the reaction can 
proceed either exothermally and in good yield, or slowly without visible evolution of heat and 
in poor yield. The first type of reaction is observed with propargy! acetate and probably 
propargy! alcohol, and with secondary carbinyl acetates; the second with free secondary 
carbinols, tertiary carbinols, and tertiary carbiny! acetates. 

The products thus obtained from the a-carbinols and their acetates showed the expected 
properties (hydrolysis and alcoholysis of the acetyl groups, esterification, etc.), Perhaps the 
most interesting was the compound (III; R, = R, = H; R, = Ac), m. p. 53°, prepared 
from propargyl acetate. This was hydrolysed with barium hydroxide solution to the corre- 
sponding hydroxy-acid which showed a strong tendency to polymerise, ¢.g., during an attempted 
isolation by continuous extraction of an aqueous solution with ether. The polymer proved 
to be insoluble in methanol and acetone but readily soluble in water. Its methyl ester, prepared 
by treating the acetoxy-acid with methanolic sulphuric acid, is closely related to methyl 
methacrylate. Like the hydroxy- and acetoxy-acids it was found to be much less stable than 

derived from secondary acetylenic carbinols, 

When the method first used, i¢., ethanol-hydrochloric acid at 55°, was applied to the 
Sy-acetylenic carbinols, but-3-yn-1-ol and pent-4-yn-2-ol (IV; RK = H and Me), an exothermic 
reaction took place in both cases, and distillation of the neutral fractions of the reaction mixtures 


(IV) —> <H,C=cH, (Vv) 


-methylene~y-lactones as liquids which 
polymerised on storage to clear glasses.* Some polymerisation seemed to take place during the 
reaction, and it was suspected that the products were somewhat impure. When the aqueous- 
ethanolic acetic acid technique was employed in these two cases no polymer was formed, and ° 


alternatively of benzoyl peroxide to the reaction mixture, and the use of the acetate in place 

of the carbinol itself, both under the normal conditions and (in the expectation of obtaining a 

mixed anhydride; cf. the German work) with the ethanol replaced by glacial acetic acid. In 

all these cases no exothermic reaction was observed; but when propylethynylcarbinol in 

was improved to 48°. | 


Jones, Shen, 
obtained (yields 23% and 30%, 


yrolactone ging have been from: ond Asuna, J. Phare. 
Soc. Japan, 1927, 589, 1 (Chem. Abstracts, 1928, 22, 4470); Asano and Kanematsu, Ber., 1932, 
65, 1174; Cavallito and Kirchner, /. Amer. Chem. Soc., 1947, 69, 3030), but no previous synthesis 
of this type of compound has been reported. The physical properties of the synthetic materia! 
agreed well with those recorded by Cavallito and Haskell! (loc. ci#.), but the synthetic lactone did 
not show the skin-irritant properties of the natural product. It is possible that the latter 
contained a trace of some other substance which was responsible for these, or that individual 
susceptibility varies widely. 

On being heated to 100° in the presence of a little benzoyl peroxide the two lactones 
polymerised to clear, hard resins, softening at 160-——190°,* 

Attempts were made to improve the yield of a-methylenebutyrolactone by carrying 
out the nickel carbonyl reaction with the acelate of but-3-yn-l-ol, whereby the acid 
AcOCH yCHyC(CO,H)—CH, (p-bromophenacyl ester, m. p. 76°) was readily obtained in 
47% yield. Attempts to hydrolyse this with alkali or to effect cyclisation to (V; RK « H) by 
treatment with 1% methanolic sulphuric acid proved relatively unsuccessful since only moderate 
(30-60%) yields of rather impure lactone were obtained, apparently because of the instability 
of the latter towards mineral acids, This factor was probably responsible for the poor quality 
of the material obtained from but-3-yn-1l-ol and nickel carbony! when hydrochloric acid was 
used. Asa further variant the hydroxyl group of but-3-yn-1-ol was protected by reaction with 
2: 3-dihydropyran (cf. Woods and Kramer, /. Amer. Chem. Soc., 1947, 69, 2246); the expected 
ether was readily obtained, but its reaction with nickel carbonyl gave only a 20%, yield of the 
corresponding acid, the conversion of which into the methylenelactone (V) was therefore not 
studied. 

In view of the differences between the primary, secondary, and tertiary types of x$-acetylenic 
carbinols it was of interest to examine the behaviour of the tertiary Sy-acetylenic carbinol, 
2-methylpent-4-yn-2-ol (Henbest, Jones, and Walis, J., 1949, 2696). No exothermic reaction 
was observed, but after careful fractionation a 10% yield of the expected lactone (VI) was 
obtained. Its behaviour is thus similar to that of the secondary 2$-carbinol, phenylethynyl- 
carbinol. The reaction with nickel carbonyl of the only y#-acetylenic carbinol so far reported, 
pent-4-yn-l-ol (Lespieau, Compt. rend., 1932, 194, 287; Eglinton, Jones, and Whiting, 
forthcoming publication) was also examined. With this compound an exothermic reaction was 
observed, and the 8-lactone (VII) was obtained in 20%, yield. 


“CH, HyCH,CHyC=CH, 
(V1) o (VIL) 


Concurrently with the work on acetylenic carbinols the application of the nickel carbonyl! 
reaction to monosubstituted acetylenes of some other types was attempted. With the vinyl- 
acetylenic compounds, 2-methylpent-l-en-3-yne, l-cthynyleyclohexene, pent-2-en-4-yn-1-ol, 
and pent-2-en-4-yn-l-yl acetate no exothermic reactions were observed either in ethanolic 
hydrochloric acid or in aqueous-ethanolic acetic acid. In the case of l-ethynyleyelohexene 
under the latter conditions, isolation of the acidic fraction gave only a 1°5%, yield of a high- 
melting solid clearly not the expected acid. No exothermic reaction was observed with phenyl 
ethyny! ketone (acetic acid technique); as was the case with the reactions involving 
vinylacetylenes, much dark polymeric material was formed. 

In this communication the results of investigations, as yet incomplete, with various 
disubstituted acetylenes, and on the mechanism of the reaction, will not be discussed. However, 
even at this stage it can be pointed out that it is almost certainly the free acids, and not the 
esters, which are formed initially in this reaction, and the presence of water (cither added to 
the reaction mixture or formed im sifu in side reactions) is necessary. This is convincingly 
demonstrated by the fact that even when carefully dried ethanol is employed as solvent in 
experiments employing acetic acid, the free acid and not the ester is the principal product. In 


* Patents applied for (BP. Applications, 7091 and 7002/48). 


the two lactones proved to be homogeneous ; 
the refractive indices differed slightly from those of specimens obtained by the hydrochloric acid ; 
method. They could be kept at room temperature for several weeks, or indefinitely when : 
quinol was added. It is noteworthy that (V; RK =H; “ a-methylenebutyrolactone ") was 
obtained by Cavailito and Haskell (J. Amer. Chem. Soc., 1946, 68, 2332) by the hydrolysis of a 
presumably glycosidic precursor occurring in Erythronsuem amencanum, and was found by them 
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most reactions a little ester is also formed (its isolation is usually difficult and was not generally 

attempted) but this is in all probability the result of subsequent esterification, which of course 

a mineral-acid catalyst is present. When dried alcohol was 

acids in the cases of phenylacetylene and phenylethyny!- 

carbiny! acetate were reduced to 30% and 24%, respectively (normally 48% and 50%). If it 

is assumed that the hydrogen formed in the reaction according to the equation given by Reppe 
is converted into water a 25% yield of the acid would be possible.* 

The light-absorption properties of the acids and lactones obtained are shown below. 


Compound. Aa  ©& 
c =C 3000 


CHPr(OH)-C(CO,H)=CH, 


3100 
1750 
1000 

470 


Facept where stated alcoholic ecletians were emghoped and Hiliger Mediom Spectro- 
end * Cavallito and Haskell, Joc. cit. 


EXPERIMENTAL. 


tus consisted of a flask of 250 c.c. capacity equipped with a thermometer 
uid in the flask, gas inlet, and 


uid hed the d 

Scomohenas (556-—80°). About 2 c.c. of the solution of nickel Ae ak pad, and, after an induction 
period of variable length, pe ache megs! 5 ym as shown by a marked rise in temperature and in some cases 
a transient deep-brown coloration. The remainder of the carbonyl solution was then added dropwise 
at such a rate that the temperature remained constant until the reaction was , when the 
temperature began to fall. As soon as the reaction mixture was sufficiently cool, ether (5—10 times the 
volume of nicke! carbonyl used) was added, 
warmed on the steam-bath until everything volatile under these conditions had distilled. The distillate 
was red away carefully. 

p to this stage all operations were carried out in a well-ventilated fume-cupboard, but when the 
excess of nickel carbonyl! had been removed the reaction mixture could be handled in the open laboratory. 
The solution was poured into dilute sulphuric acid and extracted with ether or chloroform ; the extract 
was washed thoroughly with sodium hydrogen carbonate solution, and the neutral and acidic 
were isolated, the procedure varying from case to case 

Ethyl Atropate ~— The reaction was carried out by the general method. using phenylacetylene ( 20-6 ¢.), 
ethanol (60 c.c), and concentrated hydrochloric acid (8 c.c.), to which a tion of nickel carbonyl 
(6-6 c.c.) in ethanol (20 c.c.) was added. 
The acid fraction gave, after crystallisation from water, atropic acid (1-5 g.), 105—106"; the 
neutral portion was distilled giving the ester (16-7 g.), b. p. 57-—63°/10* mm., af 1.5229 (Auwers and 
Eisenlobr, J. pr. Chem., 1911, 84, 89, give b. p. 120-2—120-4°/14 mm., 16260). 

Ethyl a- Rutylacrylate —Hex-l-yne (16-4 g.), ethanol (60 cc), and concentrated b hydrochloric 
(9 c.c.) reacted at 50—70° with a solution of nickel carbonyl! (8 c.c.) in ethanol (20 ¢.c.). Isolation with 

tane gave ethy! a-butylacrylate (16-0 g.), b. p. 66°/10 mm., 1-4290 (Blaise and Luttringer, Bull. 

. chim., 1905, 33, 778, give b. p. 177°). 

Atroprc Acid.—{a) The reaction was carried out by the general method at 70° using viacetylene 
wre Isolation of the acidic fraction tion from light roleum 

atropic acid (10-65 ., Pram the m. p. 106-—107° (Fittig Wurster, 
1870. 198, 147, give m. p. 106—1 mother-liquors a solid (380 m. p. 89—90". 


anisole at 


7500 
5000 
3150 6500 200 
2450 1300 2450 250 
CHPh(OH)C(CO,H)=CH, 2170 7000 (in water) * 2300 400 
2380 1800 2350 900 
(CH,),>C(OH) 2190 «4000 
> <C(CO,H)=CH, 
2250 1200 (in water) 2200" 5700 
(CH,),>C(OAc)-C(CO,H)=CH, 2170 4000 2300 
> 
2320000 2380 
2200 500 2450 
22500500 
General Method —The 
whose bulb dipped into the liq 
a dropping funnel. The acety 
atropic acid being obtained in 20% yield. In this case the water required must clearly be formed in 
side-reactions involving nickel carbony! and the acetylene, since none could be formed from the solvent 
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Recrystallmation of this trom petroleum (b. 
plates, m. p 86—87° undepressed on admixturx mp 
(Found: (, 73-65, 71-75; 5-45, 54%). Light absorption: Maxima at 2600 and 2800 a., 
and 330, respectively (cf. atropic acid, which has a maximum at 2500 4., ETS = 350, and end 
‘The constitution of this solid was not investigated further 
it using ethanol dried over magnesium ethoxide, and omitting the 

ga Crystallisation of this material gave the 

pure acid, m p. 106-1 * (S68. 


Butylacrylie Acid —Hex-l-yae g), ethanol (100 c.¢.), ial acetic acid (15 c.c.), 
(7 c.¢.), reacted with a solution of nickel carbonyl (17 cc.) in et 1 (50 «.c.) at ca. 67° by the por} 
ina l-l flask Isolation of the aculic fraction followed by distillation gave «-bu rylic acid 
(21-75 p. 70°02 mm., 1-4453 (Blaise and Lattringer, joc. cit., give b. p. 100—110°/10 
mm 


Acid (11) — lethynylcarbinyl acetate (Bowden, Heilbron, Jones, 
and Weedon, /., 1946, 45) (93 ethanol (20 ¢.c), glacial acetic acid (5 ¢.c.), and water (1 cc.) reacted 
at 74-78" by the general method with nickel carbonyl (Bc) in ethanol (l0c.c.). Isolation of the acidic 
fraction with chloroform, followed by evaporation of the solvent, gave a residue which solidified when 
scratched and, on crystallisation from light petroleum (b. p. 40-60"), gave a product (5-9 ¢., 4,3 
67°. Recrystallisation from the same solvent gave the acefory-acid as long needles, m. p. 68 od 
C, 682, H, TH. C,H,,O, requires C, 6905; H, 7-6% 

Acid (111; R, Ry~ H, Ry = Pr).—The acetony-acid 
was dissolved in a solution of potassiam hycroxxie (3 g.) nm water (6 cc.) with After 1 
at 20° the solution was acidified, isolation with ether followed by distillation at 80° (bath abe. ile 
mum. gave the Aydrory-acid (1.65 ¢) asa np 14685 (Found: C, 58-35; H,875. C,H,,O, requires 
C, 663), H, &4%). The ethyl ester was by heating the hydroxy-acid (2-5 g.), ethanol (12 c.c.), 
and concentrated sulphuric acid (0-6 for three hours. Isolation of the product with ether 
and distillation gave the ester (2-3 b. p. 95° /5-5 mm., 1-4521 (Found: C, 62-75; H, 96. C,H,,O 
requires 62-75, H, 935%, The ethyl ester at room tem ture, 
ad needles, m p. 88°, from light petroleum (b. p. 60-80") ( CyH,,O,N requires 

, 305%) 
3 Acetony- l-ene-2-carbosylic Acid (111; R, =H, Ry= Ph, R, Ac).—Phenyl- 
te and McComb 1942, 733) ‘(11-6 ethanol (20 c.c.), glacial acetic 
©.), oe ont water (2 ¢.c.) reacted at 70° by the general method with nickel carbonyl (3 c.c.) in 
ethanol {re cc). Isolation of the acidic fraction with ether gave an oil which soon solidified; crystal- 
lisation from light petroleum (b. p. 60-80") gave the acetosy-acid (7-4 g., 50%) as stout needles, m. 
110-5° unchanged on recrystallisation from the same solvent (Found: C, 65-45; H, 5-5. C,,H.O, 
2- wylic Acid R, H, R, Ph) ) The 
3-Hydroxy 3 phenyl 1 ene-2-carbo. —a acetoxy- 
acid (3 g.) was part in a solution of sodium hydroxide cP ) in water (20c.c.). After storage at 20° 
for 4% hours, acidification and isolation with ether gave a syrup which was induced to crystallise b 
keeping it for several hours at 35°. Recrystallisation from benzene gave a product (20g), m. p. 79- 
after further recrystallisation ba the same solvent the Aydroxy-acid formed fine needles, m. p. si 
(Found: C, 67-15; H, 5-55 HO, requires C, 67-4; H, 5-65%) 

(b) Phenylethynylicarbinol ats g.). ethanol (30 c.c.), glacial acetic acid (6 c.c.), and water (2 
were heated to 80° and maintained at about this temperature while a solution of nickel carbonyl! (6 c.c. 
in ethanol (15 ¢.c.) was added in small portions during 20 minutes. No exothermic reaction took place ; 
isolation of the acidic fraction with et gave a syrup (7-0 g.) whose benzene solution, on addition of 
light petroleum (b. p. 60-80") and seeding with material obtained by method (a), gave the crude 
hydroxy-acid (3-1 g.), m. p. 72-75". After recrystallisation from benzene this had m. p. $1", undepressed 
on admixture with a specimen prepared by method (a) 

Acid (111, R, R, = Ac).-—Pro; yl acetate (6:5 g), 
ethanol (20 ¢.c.), glacial acetic acid (3 ¢..), and water (lec) re os to 70° edt solution of nic 
carbonyl (3 ¢.c.) in ethanol (10 ¢.c.) was added, the temperature being maintained at about 75°. After 
removal of the excess of nickel carbonyl, ether (100 c.c.) was added, and the solution was shaken with a 
solution of concentrated sulphuric acid (1 ¢.c.) in water (10 ¢.c.), which was then extracted with ether 
(2 x Mec). The combined ethereal extracts were shaken with a slight excess of a saturated solution 
of potassiom hydrogen carbonate, which was acidified with concentrated hydrochloric acid. After being 
decanted from the precipitate of potassium chloride, which was washed well with ether, the aqueous 
solution was extracted with ether (5 x 150 cc). Evaporation of most of the solvent from the dried 
extract through an §&inch Lapworth columa and the removal of the remainder under reduced re 
below 20° gave an ofl which readily solklified; crystallisation from light petroleum (b. p. 40—é0") 
coutaining a little benzene gave a product (3-1 ¢.), m. p. 49-50"; a further 0-6 g. of less pure material, 
m. p. 44°, was obtained from the filtrate. After rec rystallisation from light petroleum ( e. 40— 60°) 
the ~acid formed nacreous leaflets, m. p. 53° (Found: C, 50-2; H, 58. C,H,O, C, 50-0; 
56 

3 2-carborylic Acid (ITT; H).—The acetoxy-acid (2-05 g.) 

was dissolved in a solution of barium hydroxide (4 iy _s water rile cc). After 24 hours the solution 
be brought to pH ca. 2-5 by adding sulphuric acid, after filtration it was found to give no precipitate 
with barium chloride solution and only a very faint turbidity with sulphuric acid Ev vaporation under 
reduced pressure and distillation at 60-75° (bath temp.) mm. gave the Aydrosy-ecid (530 mg.), 
1.4760 (Pound: C, 464, H. 64. CHO, requires C, 47-05; H, 5-95%). 

Methyi 3- 2-carbosxylate acetoxy-acid (2-5 g.), methanol (15 c.c.), and concen- 
trated sulphuric acid (0-5 ¢.c.) were heated under reflux for five hours. Ether (26 c.c.) was added and 
the solution was washed with a solution of potassium carbonate (1-5 g.) in water (2 c.c.), the aqueous 


| 

| 

| 

| 

| 
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being extracted with ether (2 x 5c). The combined extracts were 


52- 68 

ca acetate 

solution of nickel carbonyl (3 c.c.) in ethanol (10 c.c.) was added in small portions. Isolation of the acidic 
a rather gummy solid (700 was which crystallisation from light 


gave the acetory-acid 98-5? unchanged 


on 

acid (200 mg.) a solution of (300 mg.) in water (lec). A 
18 hours, isolation of the acidic fraction with ether gave an oil which ised after about two weeks 
at 20°. Recrystallisation from hight petroleum (b 60-80"), in which ii was rather soluble, gave the 

. Parther from the same solvent 
or from aqueous methanol ax more drastic conditions of hydrolysis 
did not improve the yield (Found : C, 63-85; H, 8-05. O, requires C, 63-5; H, 82%). 
But-3-yn-l-yl Acetate —Acetylation of but-3-yn-l-ol rays 


(55 cc.) with . then for 20 hours at room 

b p C, 660, H, 7-2. 
1 -ene-2-carborylic Acid.—But-3-yn-1-yl acetate (7-5 g.), ethanol (20 ¢.c.), water (0-6 ¢.c), 
cthascl of the fection with ether gave pal Yellow ol in 
ethanol (20 cc). Isolation of the acidic fraction with ether gave a pale oil (41 @.), aie 
which was distilled to give the acid acetate (3-4 g.), b. p. 100° 0-05 mm., 4515 (Found . ; Hu, 

665. C,HyO, requires C, 53-1; H, 635 from 

methanol in flat needles, m. p. 76° (Found : C, 60-75 s0,Br res C, 50-7; a 
4-(2- mixture of iol (IV; R= H) (156 and 
2: 3-dihyd Concentrated hydrochloric acid (0-2 was added. An exothermic reaction 


m chloride was filtered off; distil- 
hen fave the (Fouad : C, 703; H, 0-65, 


H, 015%). 

(2- anylory)but-l-eme- ic Acid and ils Ethyl Ester.-The above ether (11-4 g. 
in ethanol (25 c.c.), glacial acetic acid (4¢.c.), water (1-5 c.c.) reacted with a solution of nickel 
(4¢.c.) in ethanol (l0¢.c) at 75°. The standard procedure was employed, an exothermic reaction ta 
place. Isolation of the acidic fraction then gave an oil (3-5 ¢.) of which a wrt at Bene 
at 75° (bath temp.) /10~¢ mm. to give the (1-8 g.), (Found : 

ires C, 600, H, 806%). The neutral fraction was disti 
b. p. 82-5°/0-2 mm., 1-4612 (Found: C, 63-2; H, 

885%). Attempts to characterise the acid by preparation of 

esters 


proved unsuccessful. 
Acid Lactome (“ a-Methylenebut (Vv 
-S-ya-l-ol (IV; R= H) (10-5 g), ethanol 
Teac at 80° with a solution of nickel carbon (6 cc.) in ethanol (10 cc.). The react 
after a lengthy induction period. After the excess of nickel carbonyl! had been 
added, the solution was thoroughly extracted with ether, and the extract was washed with the minimum 
quantities of dilute sulphuric acid and sodium hydrogen carbonate solution. A little quinol was added 
at this stage. Evaporation of the solvent through an 8-inch Dufton column and distillation gave the 
., 23%), b. p. 38°/0-2 mm., 14707. Careful re-fractionation gave five fractions whose 
refractive were constant to within 0-0004 (Found: C, 60-9; H, 6-55 Cale. for C,H,O,: C, 
61-2; H, 615%) (Cavalllito and Haskell, loc. cit., give b. p. 57—60°/2 mm., wf 1-470) 
() A solution of nickel carbony! (7 in methanol [15 .c) was added to but:3-yn-1-ol (10-8) in 
isolation of the neutral fraction (care being taken to remo poupery, pene Sy Gomateton 
by distillation gave the lactone (3 g), bp. 82--95°/13 mm. sf 1 After a few days an elastic 


~ene-2-carboxylic Acid Lactone (V; R Me).—(a) Pent-4-yn-2-ol (IV; R = Me) 
(12-6 g.) reacted at 80° exact! p. mime Distillation of the crude 
uct gave the lactone (5 /0-02 mm., aif 1 re-fractionation gave five 
whose refractive i (Peal C, 645; H, 75. C,H,O, 
requires C, 64-25; H, 7-2%). 


(b) The reaction was carried out by the general method at 50—55" using Eason Ss 065) & 
methanol (45 c.c.) and concentrated hydrochloric acid at 
c.c.) in methanol (15 c.c.). The reaction was exothermic ; of the tetra 
by distillation gave the lactone (7-1 /9 mm., which . 
4-Hydro -1-ene-2-carborylic A Lactome (V1).—-2-Meth 
‘alis, J., 1949, 2606) (15-6 g.) was dissolved in ethanol (30 c.c.), 
water (3 c.c.), and the mixture was heated to 16-49" tar daring the of entation of 


nickel! carbonyl (8 ethanol (10 cc. No 


layer partly dried (Na,SO,), and 
the ether and methanol were evaporated off through an S-inch Lapworth column. The residue contained 
) 
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ham. 31-4561 (Found. C, 66-5; H, 
carboxylic Acid Lactome (Vil). 

(126 waa tn ethanol (30 

mixture was heated to olution of michel carb ethanol wae 


an exothermic reaction began only after a long Isolation of the neutral 


63. 7-86, Feyeat H, 7-2%). Its 
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55. Researches on Acetylenic Compounds. Part XXIII. The Pre- 
paration and Properties of «$-Acetylenic y-Kelo-esters. 
By E. R. H, Jones, T. Swen, and M. C. 


Oxidation of the esters of af-acetylenic y-hydroxy-acids with chromic acid in —~ 1 
the y-ketu-esters. the other hand, 
hydration ofthe triple bood in the formation of By-diketo-acids; alkaline 
ote y-keto-ester leads to hydration in the opposite direction, an  Sdnaeent tine 
. With various types of amines, the keto-esters give adducts, convertible by mild 
hydrolysis into ay-diketo-acid derivatives, and with hydrazine, hydroxylamine, and 
the keto-esters yield the expected heterocyclic compounds. 


As an extension of recent work on the synthesis of acetylenic hydroxy-acids (Haynes and Jones, 
J., 1946, 503) and on the conversion of ethynylcarbinols into the corresponding ketones (Bowden, 
Heilbron, Jones, and Weedon, /., 1945, 39), the application of the chromic acid-acetone- 
oxidation procedure to the hydroxy-acids and their esters has been investigated. No general 
synthesis of the expected acetylenic keto-esters has been described, although oye! = 
Raphael (J., 1949, 118) have prepared methy! §-benzoylpropiolate (see also Ingold, /., 

1199) and a vinylacetylenic keto-acid has been obtained by Heilbron, Jones, and Siidlcinase 
(J., 1949, 604) by oxidation of the corresponding primary-secondary glycol. 

It was found that the method of Bowden, Heilbron, Jones, and Weedon (loc. cit.) was 
applicable generally to a$-acetylenic hydroxy-esters, and acylpropiolic esters, RCO*C=2C-COMe, 
have been prepared in the cases where R « Ph, Me, and Pr. They are pungent, somewhat 
lachrymatory, compounds which decompose readily on heating to 70-—120°, and they resinify 
on treatment with pyridine. Their structures were confirmed by hydrogenation to known 
f-acylpropionic esters. Similarly, oxidation of the methyl! ester of 5-hydroxyhex-3-en-1-yne-1- 
carboxylic acid gave the corresponding hefo-ester (MeCO-CH—CH-C=2C-CO,Me) as a very unstable 
liquid. When the same method was applied to the acetylenic hydroxy-acids themselves, 
however, oxidation was accompanied by hydration of the triple bond. Thus the hydroxy-acid 
(I) derived from phenylethynylcarbinol gave, in 40% yield, a crystalline acid which, in view of 
its analysis, light-absorption properties, ferric chloride coloration, and reaction with o-pheny!- 
enediamine to give a guinoxalime derivative, must be formulated as §-sydroxry-6-benzoylacrylic 
acid (IV) [ef. the hydration of phenyl ethynyl ketone to 1-phenylbutane-2 : 3-dione (Bowden, 
Braude, and Jones, J., 1046, $45), which, however, requires mercuric sulphate catalysis). The 
oxidation of 3-hydroxybut-1-yne-1-carboxylic acid also apparently proceeds with concomitant 
hydration since the unstable acidic product gave a strong ferric chloride coloration and yielded 
& quinosaline derivative with o-phenylenediamine. 

An obvious alternative route to the free af-acetylenic y-keto-acids was by the hydrolysis of 
the corresponding esters. An exothermic reaction occurred on treatment of the ester (III) with 
aqueous methanolic potassium hydroxide and, after 24 hours a-hydroxy-$-benzoylacrylic acid 
(VI) (benzoylpyruvic acid) was isolated on acidification. Variable results were obtained on 
repetition of this alkaline hydrolysis, probably owing to the instability of the acid (VI). The 


] 
| 
results were waccurate (Found | 
light-absorption properties (see | 
Universrry, 15. (Recewwed, September Mh, 1949_ 
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ester (V) was presumed to be an intermediate in this reaction but attempts to isolate it were 
unsuccessful. 


an, 
a) ay 


PhCO-C/OH)=CH-CO,H PCO-CH=C/(OH)-CO,H 
avy (VL) 
The keto-esters studied were found to react readily with amines (cf. Bowden, Braude, Jones, 
and Weedon, J., 1945, 45). Thus methyl §-b yipropiolate (III), when treated with aniline, = 
gave the crystalline adduct (VII) in 85% yield; the latter was hydrolysed to (V) with dilute . 


mineral acids at room temperature, and hence has the structure shown, rather than that in is 
which the anilino-group is in the §-position to the carbomethoxyl group. Alkaline hydrolysis vi 
gave the known acid (VIII), convertible into (VI). Treatment of methyl §-b yiprop 

with diethylamine gave an analogous liquid adduct. The reaction with ammonia was more 

complex; liquid ammonia caused resinification, but treatment of (IIT) in methanolic solution 

with aqueous ammonia resulted in an immediate exothermic reaction. Isolation of the product 

after some time gave the crystalline amino-amide (X) in 50% yield. When, however, the product 

was isolated by rapid removal of the ammonia and solvent immediately after the exothermic 

reaction had ceased, the amino-ester (IX), was obtained as a yellow oil which, after distillation 

at 70° (bath temp.)/10~ mm., crystallised and then melted at 40°. Mild acid hydrolysis of (IX) 

and (X) proceeded as expected, the known enols (V) and (XI) being formed; the position of the 
amino-group was thus established. 


PhCO-CH=C(NEt,) -CO,Me = > 


(VL) 


(IIL) 


PhCO-CH=C(NH,)-CO.Me ——— > 


ax.) 


PhCOCH=C(NH,)-CO-NH, ———> 


(XI) 


The addition of ammonia to ecid has recently been stated (Bougault and 
Chabrier, Compt. rend., 1948, 226, 1378), to give 6 ionic acid, although 
no evidence was quoted in support of the structure assigned to the adduct. Such a result is 
surprising in view of an earlier discussion (Bougault, Ann. Chim., 1908, 15, 491) of the addition 
of nucleophilic reagents to this acid in which, by analogy with other reactions giving known 
e-cubstituted p-bensoyipropionic acids, it was considered probable that the adduct obtained 
from ammonia was a-amino-§ ic acid. Since it seems unlikely that addition of 
ammonia to corresponding ethylenic and acetylenic substances takes place in opposite directions, 
and the structure of the adduct from the latter has been unambiguously proved, the earlier 
ion of this reaction is perhaps to be preferred. 
The formation of heterocyclic compounds by the reaction of ethyny! ketones with % 
etc., has already been described (Bowden and Jones, /., 1944, 953). The 
ester (III) gave with hydrazine and hydroxylamine the crystalline esters (XII) and (XIII), 
, the reactions being smoother than those involving ethyny! ketones because of 
the greater stability of (II1) towards alkaline reagents. Diazomethane also reacted readily 
with (III) in ethereal solution to yield (XIV) in good yield [ite atrecture was not proved rigidly, 
and it may be the isomeric methyl 2-benzoylpyrazole-3-carboxylate. The“ 
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obtained from diazomethane and pheny! ethynyl ketone by Bowden and Jones (Joc. cif.) may 
similarly be the 2-benzoy! compound). 


(XII) 


(XIV) (xml) 


it was pointed out by Bowden and Jones (Joc. cit.) that the reactions of ethynylketones in 
genera! parallel those of the hydroxymethylene derivatives of the corresponding methyl ketones, 
and the ethynyl ketones can often be substituted advantageously for the latter (cf. Johnson, /., 
1947, 346). The examples of heterocyclic syntheses given above demonstrate that a$-acetylenic 
y-keto-esters show a similar parallelism to ay-diketo-esters, which indeed can easily be prepared 
from them. Although the latter are in most cases much more readily accessible (from the 
condensation of oxalic ester with methyl ketones) the greater reactivity pf the acetylenic 
compounds suggests that these may occasionally be of value. 

Light absorption data for the amine adducts described are given in Table I, the values for 
the nearest available analogues in the 2-aminoviny! ketone series being given for comparison. 
Data for the corresponding enols are given in Table II. It is clear that in alcoholic 


Taste I. 
Light Absorption of Adducts. 
Amino-keto-acid derivative Corresponding amino-ketone ! 
PRCO-CH=C( NH) -COMe 2590 4500 PhCO-CH=CH- mp. 70°) 2420 14,000 

PRCOCH=C(NH,) CONH, 460 7,000 PhCO-CH=CH-NH, 90— 2420 11,000 
2500 7,000 32401 8,000 

3430— «17,500 
PRCO-CH=C(NEt,) CO Me «10,500 PhCO-CH=CH-NH-CH,), 2420 11,000 
M10 22,000 

PaCO-CH=C(NHPh) -COMe 
3730 19,000) PRCO-CH=CH-NHPh 2420 
2540 
11,000 3740 31,000 


3680 14,000 
——— Braude, Jones, and Weedon, loc. cit., and Bowden, Brande, and Jones, J., 


Taste 
Light Absorption of Enols. 
A- 

PRCO-CH=C(OH) COMe 3110) 15,000) ef. 2510 
PaCO-CH=C(OH)- 3115) 12,500) 2350 

9.500 9.000 
Paco-cH=c CON 2230 6,000 OH)-C(OMe)=CH 2250 «13,500 

2680 13,500 
* Inflexion. * Nineham and Raphael, loc. cit. 


these compounds exist, at any rate largely, as the vinylamine and enolic forms rather than 
their imino- and ketonic tautomers. The powerful auxochromic effects of the amino- and 
hydroxy! groups in the a-substituted §-benzoylacrylic acid derivatives correspond to those 
observed in the vinyl ketone series (Bowden, Braude, Jones, and Weedon, Joc. cit.). The effect 
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of the carbomethoxyl, carboxyl, or 
maximum is not profound, but it is unexpectedly variable. The differences between 
the light absorption of the methyl ester and the amide of a-hydroxy-$-benzoylacrylic acid, and 
of the acid itself, are especially interesting; normally the conversion of an acid into its ester or 
amide has little effect on its light absorption. In these compounds however, the adjacent 
carboxy! or similar group clearly can interact with the hydroxy! or amino-group, possibly by 
i thereby the mobility of its free electron pair its 

effect (ci. Bowden, Braude, and Jones, J., 1946, 748). 

As would be expected the hydroxy! group in §-hydroxy-{-benzoylacrylic acid has little 
effect on the light absorption; the difference between this compound and the §-methoxy-- 
benzoylacrylic acid described by Nineham and Raphael (loc. cit.), which exists in the cyclic 
form, is noteworthy. 

The acetylene carbinols required for this work were prepared by the method of Heilbron, 
Jones, and Weedon (/., 1945, 81) with numerous minor modifications; the preparation of 
phenylethynylcarbinol is described to exemplify these and because existing physical constants 
apparently refer to incompletely purified materials. The acetylenic hydroxy-acids were obtained 
by the method of Haynes and Jones (loc. cit.) except that the Grignard complexes were prepared 
without heating (cf. Jones and Whiting, /., 1949, 1423). It was found that with this 
modification and using ether as solvent, the method could be applied to phenylethynylcarbinol, 
contrary to previous experience; but when it was applied to propenylethynylcarbinol the 
syrupy product, though obtained in good yield and light in colour, was shown by its light 
absorption to contain about 50% of the rearranged isomer, from which it could not be separated, 
The method of carboxylating phenylethynylcarbinol described by Nincham and Raphael 
(loc. cit.) gave in our hands very variable results, apparently because of the unpredictable 
physical state of the precipitated sodium derivative; it could not be applied to propylethyny!l- 
carbinol. An attempt to carboxylate the dipotassium derivative of phenylethynylcarbinol, 
prepared by treating the carbinol with the potassium hydroxide-butyraldehyde diethy! acetal 
complex according to the method of Weizmann (B.PP. 573,527, 580,921; see also Bergmann, 
Liem: chee gp a p. 50) also failed, the isolation of a small amount of 
acetylenedicarboxylic ester suggesting fission of the carbinol under these conditions. 


determinations were carried out in alcohol solutions on a Hilger medium 


icarbinol.—The consisted of a three-necked, 10-1. flask fitted with an efficient 
stirrer (without mercury seal) diameter, the whole being well 
insulated by immersion in cork dust. To liquid ammonia (61), powdered ferric nitrate 3g.) and sodium 
(10 g.) were added, and after a short interval more sodium (200 g.; 4-inch cubes). after 20—60 
minutes the colour had changed — dark blue to pd Dy lene was passed in rapidly; after some 
hours the colour again changed, bec clear a The flow of acetylene was bya 
slow current of nitrogen and a solution of benzaldehyde during 
two hours. After the flask contents had been stirred for 16 hours, ether (1-51.) was added, and the mixture 
was warmed until the greater part of the had e d. Ice 6N-sulphuric acid in excess 
were added, and the aqueous layer was extracted with ether, the extract then washed with sodium 
carbonate and dried. After the removal of ether distillation of the ue at 03 mm. gavea 
number of fractions. The forerun (ca. 200 g.) b. p. 35-70", consisted mainly of benzaldehyde and was 
discarded ; fractions, b. p. 70-——100", consisting ipally of the acetylenic carbinol were then obtained. 
Of these the middle portion had m. . 6a, 25-26" and was accepted ; earlier and later {ractions, the former 
containing much benzaldehyde a benzyl alcohol and the latter benzoic acid, were combined, dissolved 

washed with saturated sodium h sulphite solution (the precipitated benzaldeh 

with sodium carbonate solution. A 

been dred and the solvent removed the residue was distilled, fractions havi 

retained, the total yield was 875 g. A specimen recovered from an attem 
1-6518 m. crystallisation from ether-light petroleum at 


op recrystallisation from the same solvent 


mercury - 
stirrer, soda-lime tubes, etc., i ditacedt and i of the risk of a blockage 
in the latter. ton with with chloride as 
described by . Jones, and Weedon (loc. et.) when the carbinol is sensitive to acids or to oxidation. 
Acid (58 g.) was 
during three hours to an ethereal solution of ethyimagnesium bromide (from red ey g)), with 
efficient stirring and ice-cooling. The colloidal suspension obtained was stirred at 0° for a further thirty 


* Cf. Clapperton and McGreger, J. Amer. Chem. Soc., 1949, 71, 3234. 


. 
(Light-a 100 | 
(Jones and McCombie, /., 1942, 733, give m. p. 22°; earlier workers describe this compound as a liquid).* 
In the preparation of ethynylcarbinols it has been found possible to dispense with the use of a - 
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minutes and then poured on to ao excess of solid carbon dioxide in an autoclave, which was then sealed. 
After 22 hours the Grignard complex was and isolation of the acidic fraction gave « dark 
soled mass (co Trituration with cold gave the bh m. p. 
ted crystallisation from benzene had 89—90° (Nincham Rapheel, 
distillation at 001 mm. (b. p. 143") gave yields of only 45-55%, it was found more 
to esterify the crude acid, m. ay $4", with cold methanolic sulphuric acid for one week, and 
to oxidise the undistilled ester, yield, directly 8-benzoylp: opiolate 
of Methyl 
in methyl! acetate solution in the he prevence of « pallad 
eae at 769 mm. and 18°) aod the product was hydrol 
methanolic ydroxide solution for 60 hours at room temperature, (polation of the acid fraction 


‘5 g.) in acetone (20 ¢.c.) a solution of 6n-chromic 

trom chromic acid (100 g.), sulphuric acid (160 ¢.), and water (300 ¢. 
over a period of 20 minutes with stirring, the temperature being kept below L 
The solution was stirred for a further 30 minutes and water (30 c.c.) was added ; isolation of the neutral 
fraction with ether followed by careful fractional distillation gave the Aeto-ester (2-2 g.), b. p. 43-—44° 0-02 
mm., 14511 (Found C, 621; H, 635. requires C, 62-3; H, 655%), and recovered 
hydroxy-ester (1-2 g.) 72° 0-01 The 2 asone crystallised from 
mp (Pound : C, 25; H, + wOeN, requires C, 50-4; 


3-H —The crude hydroxy-acid (Haynes and loc. 
(38% was esterified with methanolic acid, giving the ester (27 g.), b. mm., 114°/1 
* 14570 (Pound: C, 5615; H, 63 HO wires C, 56-25; H, 

B-Acetylpropiolate —A solution of she (10 g.) in acetone 

wo with 6~-chromic acid solution (30 c.c.) as previously described. tion of the 

FFumt with ether, and fractional distillation gave the Aefo-ester (6-0 «.), b. p. 79°/16 mm., #ff 1-4470 
ound 


C, 460; H, 46. CHO, ires C, 57-15; H, 48%). 
yellow yt acetate-ethanol (Pound; C, 47-75; H, 3- CyH,O,%, 
requires C, 474 3 
© of a palladium-calcium carbonate catalyst (100 mg. ; until absorption was complete 
305 c.c.). After of the catalyst and evaporation of solvent distillation gave methyl 
levulate (1-0 ¢.), b 18 mm, 1-4234 (Cowley and Schuette, J. Amer. Chem. Soc., 1931, 


3485, give b. p. 197 14223). The 4-dinitrophenylhydrazone formed yellow needles, m. p. 140°, 


from ethanol (Cowley and Schuette, joc. cit., give m. p. 141-—142"). 

Methyl solution of methyl 5-hydroxyhex-3-en-l-yne-1- 
carboxylate (4 g.) (Haynes and Jones, loc. ot.) in acetone (30 cc.) was treated with 6n-chromic acid 
(10 «.c.) at 10” "ox with ether and distillation gave the Aefo-ester (1-8 g.), b. p. 67°/10°* mm., 

1-5140 (Pound 626; H, 51. C,H,O, requires C, 63-15; H, 53%). Light absorption (in 

obol): Maxima, 3600 and 26804; 15,000. The 2 4-dinitrophenyihydrazone formed red 
prisms, m 185-186" (decomp.), from ethyl acetate (Found: C, 50-45; H, 3-75. C,,H,O.N, 
requires C, 50-6; H, 3-65%,) 

p- Hydrowy- B-bensoylacrylic Acad (IV) ——6x-Chromic acid (11 ¢.c.) was added during 20 minutes to a 
solution of 3-hydroxy-3-phenylprop-l-yne-l-carboxylic acid (5 g.) in acetone (30 c.c.), the temperature 
being kept at 6—10" After being stirred for a further 10 minutes the solution was diluted with water 
and extracted with ether, and the extract was washed with water, dried, and eva ted. Crystallisation 
of the residue from benzene-light petroleum (b. p. 406-60") gave the acid as plates, m. p. 54° (Found : 
C, 62-45; H, 38. C,H,O, requires C, 62-5; H, 42%). It gave a crimson ferric chloride coloration. 
The quinowaline derivative was readily obtained by mixing ethereal solution of the acid and o-phenylene- 
diamine; it formed gokden- A m. p. 262°, from methanol (Found: C, 72-85; H, 46 
CygH ON, requires C, 72-7; Light absorption: Maxima at 2670, 4130, and 4350 a.; 
12,500, 30,000, and 27,500, 

8 Hydroxy B-acetylacrylic Aad.—Oxidation of 3-hydroxybat-l-yne-l-carboxylic acid (0-8 g.) in 
acetone (10 c.c.) with 6x-chromic acid (3 ¢.c.) at 15° followed by isolation with ether gave the crude 
enolic acid (0-5 g ) as a syrup which gave an intense crimson coloration with ferric chloride solution. It 
was characterised as - snowaline derivative which formed — sms, m. p. 248—250°, from 
ethanol (Found: C, H, 506. C,,HyON, wires C, 50%). Light absorption : 
Maxima, 2230, 2280, and 39104. = 30, 500, 6,500, 7. ‘008. 17,500, respectively 

a Hydroxy-B-bensoylacrylic Acid (Benzovipyrumc Acid) (V1).—A solution of methyl 8-benzoyl- 
proptolate (0-5 g ) and potassium hydroxide (0-5 g ) in aqueous methanol was set aside at 20° for 18 hours. 
After dilation with water and ether extraction acidification of the aqueous phase precipitated an oil 
which solidified during 2 days at 0°, and was recrystallised from benzene to give the acrylic acid (0-15 g.) 
as plates, mp. 151° (decomp.) (Bromme and Claisen, Ber, 1888, 21, 1132, give m. p. 156—158"). 

Methyl @ Anilino-B-benzoylacrylate (V11)—Aniline (400 mg.) was added to a solution of methyl 
B-benzoylpropiolate (400 mg ) in dry ether a6 cc). After 20 hours the solution was filtered to remove 
4 small quantity of floceulent matter and the ether was evaporated under reduced pressure. The 
residual ou solidified and was crystallised from aqueous methanol to give the amsi/imo-ester (508 mg., 85%) 
glistening golden-yellow m. p. 59°, from the same 54%). 

ht oleum (b. p. 40-60") (Found: C, 72-5 H, 5-4 
alehae hydvoly hydroiyns. A solution of the ester (0-3 ¢.) and hyd 0-2 g.) in aqueous 
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was set aside at 20° for 12 hours. Isolation of the acid fraction gave e-anilino-8-benzoylacrylic 
wh p. 164° (decomp.) (BrOmme and Claisen, Joc. ait., give m. p. 


168—1 70° omp.)) 
The the ester were readily hydrolysed by dilute mineral! acid to the 
enols. A solution of the ester (100 mg.) in methanol (3 c.c.) was treated with 2~-hydrochioric 
(1 c.c.) at toom temperature; the progress of the reaction was shown by the disappearance of the yellow 
After 25 minutes water was added till a turbidity a on storage methy! «-bydroxy-s- 


te (V) (61 mg.) separated as cream, fine on crystallisation 
(b. p. 40-60") (Perkin, /., Sh ghee Ber, 1897, 30. 

gives m. p. 

Treatment of a solution of the anilino-acid (0-5 g.) in dioxan (15 c.c.) with 2n-sulpharic acid (8 cc 
for 20 hours at room temperature gave, after dilution with water, ~B-benzoylacrylic acid ( 
(0-29 g.) which after crystallisation from benzene had m. p. 154° (decomp.), undepressed on admixture 
with a specimen as above. 

Methyl Dre! (1 ¢.) was added to a solution of methyl 
lat in methanol-ether (5 c.c.). After 20 at 20° 
and at temp.)/10™ mm. gave the ameno-ester (0-8 ¢.), 16080 (Found: 69-05; 
H, 7-05. C,,H,,O,N requires C, 69-0; H, 7-35%). 

Hydrolysis. amino-ester (0-3 g.) in dioxan (15 c.c.) was ted with a solution of potassium 

ide (5 c.c | 0-4 N) at 20° for 20 hours. Acidification followed by isolation with ether gave an oil 
(0-2 g ) which solidified when when kept, and was crystallised from benzene to give e-hydroxy-8-benzoylacrylic 
acid (VI) (O-1 g.), m. p. 156° (decomp ) undepressed on admixture with a specimen prepared as above It 
1s so labile towards acid hydrolysis that this occurred almost immediately on acidifying the alkaline 
solution. 

Methyl a-Amino-B-benzoylacrylate (1X).—To a solution of methyl @Sensuytpougietate (20 «.) in 
methanol (10 c.c.) and ether (6 ¢.c.) amsonia (0-8 ¢.c.; @ 0-88) was added. The temperature of the 
mixture rose os to 40°, then began to fall. At this point, after about 2 minutes, the reaction was 
rapid removal of all volatile material under reduced pressure. Dhistillation of the residue 

7 fmt tmp) 107 gave a viscous yellow oi (1-1 g.) which partly solidified after several 
(pound; C, 64-6; H, 5-25. C,,H,.O,N requires C, H, 5-4%) 

e-Amino-B-benzoylacrylamide ( 

B-benzoylpropiolate (400 mg.) in methanol (6 c.c.). After 18 bours at 20° dilution with water gave 
amino-amide (270) mg.) which after recrystallisation from benzene formed straw-coloured needles, m. p. 
137° (Found C, 63-6; H, 5-6. C,H requires C, 63-15; H, 5-3%). data 
methanol, but then retained water tenaciously and gave inaccurate analytical data 

Both the ester and the amide were readily hydrolysed by mineral acids to the 
A solution of methyl (200 mg.) in methanol (3 c.c.) was treated with 
(0-5 c.c.; d 0-88). The solution of the amino-ester obtained by allowing the reaction to continue for 
15 minutes was acidified with 2~n-sulphuric acid. Next morning the a rey solid was recrystallised 
twice from aqueous methanol, giving methy] e-hydroxy-f-benzoylacrylate (V) as needles, m 
59--60° undepressed on admixture with a specimen as described above. Similarly e-amino- 
benzoylacrylamide (150 mg.), dissolved in methanol (6 c.c.) and 2n-sulpburic acid (2 mi.), gave, after 
30 minutes at 20°, a crystalline precipitate of a-hydroxy-8-benzoylacrylamide (XI) which — nee a 
lisation from aqueous methanol formed cream needles, m. p. 140° strongly 
with the starting material (Found: C, 62-86; H, 47; N, 7-2. Calc. for C ON: C, 8; 
N, 7-35%) [Mamm and Minchmeyer, Ber., 1910, 43, 3342. give m. p. 138° (decomp 

Methyl 3 Phenylpyrazole-5-carborylate sylate (X11).—A solution of hydrazine in methano! 
(2 c.c.) was added slowly to a solution of methyl £-benzoylpropiolate (0-5 g.) in methanol with ice-cool 
After dilution of the solution with water and isolation with ether the methyl! ester was obtained, w 
after crystallisation uecous methanol formed m. p. 177—178° (Found: C, 65-4; H, 5-45 
for N,: C, 65°35; H, 50%) (Buchner and Lehmann, Ber., 1902, 35, 35, give m. p. 181— 


in methanol (5 c.c.) was new with methanolic sodiw (5 cc. 


ipitated sodium chloride. A jon (8 c.c.) of the yo solution was added to meth ee 
late (0-5 g.) in 


I (5 c.c.), and the mixture was set aside for 18 hours at 


then gave the ester (0-15 g.) as plates, m. p. 86—88° (Found; N, 6-65. C,,H,O.N 
ires 6-9%) 

Methyl (XIV).—A solution of methyl 8-benzoylpropiolate 
0-0 o> & eee F os was treated with an excess of ethereal diazomethane. A 18 hours at 20° 
prisms, m. p. 138° (Found : requires C. 6246; H, 44%) 
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Dowden: Heterogeneous Catalysis. 


56. Heterogeneous Catalysis. Part I. Theoretical Basis.* 
By D. A. Dowpen. 
surtace by 


electron levels and lattice defects arising from impurity centres or non-stoiches 
that insulator catalysts, ¢.¢., function through proton-exchange 
mechanism which is particularly easy at cation defects. 


1. 


Wak-time exigencies in industry yielded a variety of novel catalysts selected almost wholly 
by empirical methods and revealed our almost total ignorance of the precise role of the solid in 


catalysis. 

In 1943 a survey of the relevant literature, including patents, showed either a complexity 
wherein one could not “ see the wood for the trees " or kinetic studies for the most part uncorrel- 
ated with the electronic and geometric characteristics of the catalyst lattice. Separate small 
researches with limited objectives gave a pattern of results, broadly interpretable according 
to the “ active centre “ concept and its several models, but not at that time picturing details of — 
importance for industrial catalyst design. 

With the advent of the quantum theory of the covalent bond and transition state treatment 
of the activated complex, the active centre came to be portrayed as one surface atom, or a group 
of such atoms, possessing a unique configuration and orientation relative to certain substrate 

. As long as such a centre could be represented by a portion of a normal lattice 
plane, the model was useful, but when special nuclei were postulated, having properties not 
= related to those of the catalyst crystallite bulk, its heuristic value was severely limited. 

Chemisorption of one or more of the reactants at an active region appeared as the first 
requisite of a solid catalyst in any heterogeneous reaction, chemisorption of the activated a 
of the rate-controlling step determining the overall reaction rate. The bonding of 
chemisorbed species with the surface might be, in the extreme, ionic or covalent. 

A re-assessment of the catalytic problem then falls naturally into three parts: (@) a 
description of the chemisorbed particles, (6) a description of the active regions, and (c) the 
interactions in the group of particles plus regions. 

The kinetics of homogeneous catalysis have been considerably advanced in recent years by 
the introduction of entities such as the free radical and the radical! ions, and by the use of the 
Lewis viewpoint on generalised acid-base catalysis. Broad analogies, drawn between homo- 
geneous acid-catalysed reactions and similar heterogeneous processes at the surface of some 
cation-defective oxide insulators containing protons, encourage the view that the same 
intermediate particles are active in both. Less well-defined relations suggest identical species 
at the surface of metals and semi-conductors (Bremner, Research, 1948, 1, 281). 

The electron shifts resulting in radical and ion formation reveal the catalyst crystallite as an 
electron source or sink and, in the presence of hydrogen-containing materials, as a 
proton reservoir, Lennard-Jones (Trans. Faraday Soc., 1932, 28, 333), Schmidt (Chem. Reviews, 
1933, 12. 363), and Nyrop (" The Catalytic Action of Surfaces,” London, 1937) were aware of 
some of the implications of the former réle. The binding electrons will be found in electronic 
levels and the chemisorbed particles in geometric sites which together minimise the free energy 
of activation and make the overall free-energy change a maximum for the bonding process. 


* Presented, in substance, at a Chemical Society Discussion, London, on March 17th, 1949. 
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{ the rate is limited by the formation of a positive ion at a metal surface, the process is 
most favoured and fastest when the iontsation potential of the metal atom and the metal work 
function are both large, and when the gradient of electron level density with electron 
at the Permi surface is large and positive. of 
small metal ionisation potentials and work functions but with an electron level density gradient 
which is large and negative. 

Covalent is treated qualitatively ‘s newer of transitional 
metal valencies, the electron band theory, the that bonding appears ont 
favoured and fastest on metals possesting vacant “ atomic “ d-orbitals, or a density of 
electron leveis close to the Fermi surface. 

Activity in multiple-bond hydrogenation is associated with the “ holes” in transitional 

ae metal d-bands, and falls to a very low value at those alloy or inter-metallic compound 


bas bons ty Faraday Soc., 1946, 42, 689) and Garner (/., 


1947, 
paper describes some present ideas on the subject as an interim report on a unitary 
of 1948, 1, 239). 


2. Tas Geomerry or rae Catatyst Particie. 


All bulk catalysts are aggregates of an entity which is taken to be a crystallite in normally 
crystalline materials (¢.g., metals) but a glassy or gel-like particle in amorphous catalysts derived 


surface properties (per unit surface) are identical with those of the massive material. (ii) 
Detective and ordered or disordered states, when present in the virgin catalyst lattice, exist 
unmodified right up to the solid-gas interface unless tending to equilibrate with the gas phase. 
(iii) Single-phase multicomponent catalysts, macroscopically homogeneous, have no excess or 
deficiency of any component in the surface at equilibrium. Thus, in an equilibrium copper- 
nickel solid solution, there is no copper enrichment at the surface. (iv) The particles are bounded 
by essentially plane surfaces. 

exactly true even at equilibrium in view of the asymmetry at the surface 

At temperatures above absolute zero, in addition to vibratory heat motion, a small fraction 
of the lattice ions are displaced from their lattice positions to yield Frenkel and Schottky defects 
(see section 10). Catalysts prepared below the Tammann temperature (} x m. p. in “K.) may 
have a concentration of such defects considerably in excess of the equilibrium value. 


3. Speciric Area or THe Soir. 


The catalysed reaction proceeds at a gas-solid interface so that its rate must be a direct 
function of the specific area (area per unit weight) of the catalyst. Diffusion may limit effective 
reaction to a fraction of the total surface, but if the available area remains proportional to the 
total then activity per unit catalyst weight is proportional to specific area; this has been 
demonstrated experimentally (¢.g., Silier, J. Amer. Chem. Soc., 1943, 65, 431). 

Catalyst modification can alter both specific area and activity per unit area (specific activity), 
and the two must be evaluated separately. The factors controlling development or maintenance 
of a given specific area are usually less critical and better known than those affecting specific 
activity; they will not be discussed further. 


4. Spectric Activity. 

Activity per unit area, a function of catalyst composition and state, is independent of specific 
area within the approximations of section 2. 

When the system is chosen so that volume and surface diffusion steps are very fast a 
reaction can be formally presented as (i) chemisorption of one or more reactants, (ii) reactions 
in the total adsorbate plus surface complex, and (iii) desorption of the products. 

In the stationary state the overall reaction rate (V,) is that of the slowest step. 


Vem hx (AP x 


the activated complex. 
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The electron-band concept of solids and the classical ionic-lattice theory, together, provide 
a reasonably adequate qualitative description of the significant electron and ion energy levels in 
the principal solid types while detailed application of conventional physical techniques to 
crystals and glasses has rapidly increased the number of known macroscopic and microscopic 
lattice defects. 
It seemed therefore in 1943 that a definite correlation must exist between the electronic 
structure of solids and their catalytic activity; in fact a number of useful working rules were 
derived. Unfortunately it was not possible to commence experiments directed to the verification 
of these until 1946 (the data in the literature were equivocal). Recent publications concerning 
the catalytic activity of pure metals and alloys in hydrogenation and dehydrogenation reactions, 
and related observations on the catalytic, adsorptive, etc., properties of pure and so-called 
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The rate constant A equals 


exp. (~ SU*/MT + AS*/MT) 


K is the transmission coefficient, AF*, AU*, SS* are the Helmholtz free energy, intrinsic energy, 
and entropy of formation, respectively, of the complex. & is the Boltzmann constant and A is 
Planck's constant. 


Ideally the reaction mechanism can be defined and AF* evaluated at the slowest step. In 


a Chemisorpiion.—-When adsorption or desorption is the limiting process the Lennard-Jones 
(Joc. ett.) free-energy diagram illustrating activated adsorption is informative (sec Fig. 1, where 
only electronic entropy contributions are included). 


Fis. 2. 
fora 


Only clectromec entropy changes included. 
Posthve ton formation 


Free energy per molecule 


Chamisorperon 


Distance from surface. Distance from surface. 


The van der Waals adsorption free energies of a substrate are generally small, their differences 
still less at similar sites on @ series of catalyst surfaces, so that the free energy of activation 
depends chiefly on the contour of the chemisorption curve, the value of the chemisorption free 
energy, and the distance between the two minima. On catalysts of the same solid type, if the 
change in force law is small, AF* decreases as the chemisorption free energy increases or 
when the distance between the equilibrium van der Waals and chemisorption positions diminishes. 
Active centres must therefore be associated with adsorption sites, the geometry of which 
requires the minimum movement of the mass centre of the particle during the transition, 
consistent with a maximum chemisorption free energy. Desorption free energy of activation, 
being the sum of AF* and the chemisorption free energy, can be made smaller only by modi- 
fications simultaneously minimising both the chemisorption free energy and the distance between 
equilibrium positions. These conclusions are independent of the nature of the bond with the 
surface (cf. Ogg and Polanyi, Trans. Faraday Soc., 1935, 31, 1375). 

(b) Reactions in the Adsorbate.-Generalisation is more difficult when reaction between 
adsorbed species provides the rate-controlling step, as the participants may be molecules, 
radicals, or ions. Nevertheless a sufficiently detailed analysis of a reaction mechanism usually 
reveals a unimolecular or bimolecular process as the slowest step. For example : 


ROH + Ht — ROH,* 
or 


— ~ R* + H,O 
Rt —* Olefin + H* 


or 


4 Free energy reaction im the 
40"; 43 i | 
| wean der Waals ads son 
i}; 
| 
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Where the neutral molecules are physically adsorbed, the ions are held by Coulomb forces, and 
each ion is partitioned between the surface and a neutral molecule at the surface (Fig. 2). 

Arguments, similar to those of section (4), suggest that the activation free energy will be 
lowered as the equilibrium positions are brought closer together. Catalyst changes must move 
the curves in the same direction parallel to the ordinate, when the forces are purely ionic and the 
ions of one sign, but, the radius of the composite ion being greater, the changes will there be less 
than for the simple ion of smaller radius (the small ion is more correctly taken to be embedded 
in the catalyst surface). According to this model therefore, the activation free energies for 
composite or simple ion formation are lowered by decreasing or increasing, respectively, the 
adsorption free energy of the simple ion; active centres can be defined as sites which minimise 
the separation of the ions and change the adsorption free energy of the smaller jon to its lowest 
or highest level. 

When the intermediates are adsorbed radicals (as possibly at meta! surfaces), the situation 
can be described similarly, but free energy changes cannot be easily discussed even on simple 
bases. 


In subsequent sections consideration will be given to those factors affecting the free energy 
and geometry of adsorption, since these are paramount in predicting activity trends over 
homologous series of catalysts. 


5. Erecrron TRANSFER AT SURFACES. 

Recent studies of the electrical properties of solid—fluid interfaces emphasise the existence of 
electron-transfer and exchange phenomena between surface and sorbate, whereby neutral 
molecules can yield one or more adsorbed ions (positive and negative) or radicals, depending on 
the electronegativities of the surface and the molecular fragments (Seitz, J). Appl. Physics, 1937, 
8, 246). 

Spontaneous production of a surface dipole on adsorption happens when a normally full 
electron level lies above a normally empty level. If the donating level lies below the acceptor 
level then an activation energy is required. 

There are at least five pre-requisites of electron-transfer changes : 

(i) The free energy change of the overall] process must be negative. 

(ii) At the position of van der Waals adsorption the normally full substrate levels (minimum 
ionisation potential J) or empty levels (maximum electron affinity E) must be brought close to 
the normally empty or full levels, respectively, of the catalyst crystallite. 

(iii) Either (a) the discrete electron levels of the isolated sorbate species must broaden as the 
surface is approached so that the minimum ionisation potential of the sorbate is decreased and 
its maximum electron affinity increased, or (b) the levels may remain discrete even at the surface, 
but J and E change as in (a). 

(iv) The catalyst crystallite must possess vacant or occupied levels capable of accepting or 
donating electrons to form the activated complex {another aspect of (ii)). 

(v) The potential barrier separating the crystal levels and the sorbate levels, when it exists, 
must be permeable to electrons. 

Level broadening occurs when J and E are less that the inner potential of the crystal, 
providing that the corresponding levels interact with a quasi-continuous band of levels in the 
solid. 


The inner potentials of metals range from 7°3 ev. (K) to 16 ev. (Ni) and seem to fall, as far as 
they have been measured, between 12 ev. and 16 ev. midway in a long period (Fowler, “ Statistical 
Mechanics,”” 2nd Edn., Cambridge, 1936, p. 355). In semi-conductors and insulators similar 
magnitudes appear (O'Bryan and Skinner, Proc. Roy. Soc., 1940, A, 176, 229). 

Remembering that measured values of the inner potential are only average values for the 
crystal, and noting the effect of electrical image forces in reducing ionisation potentials, it is 
reasonable to assume that the inner potentials of the transitional elements, and of other 
, are always greater than the ionisation potentials of normal 


quasi-continuous, except for narrow forbidden regions confined to certain directions in some 
lattices, ¢.g., those cf bivalent metals. Insulators differ in having a wide region of forbidden 
energy levels !ying between the top of the full band and the bottom of the empty band, sorbate 
levels cannot interact with this forbidden region. Semi-conductors have more or less localised 
and discrete, full or empty levels in this energy gap. Interaction between sorbate levels and 
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Juxtaposition of the relevant levels, according to (ii), is exact when the radius, ionisation 

potential, and electron affinity of the adsorbed particle are equal to those of a lattice atom or ion. 

In saturated molecules the first two characteristics are larger, and the third smaller than those 

of metal atoms, so that the required adjustment of levels can occur, if at all, only in special 
. Analogous remarks can be made of ionic lattices. 

At absolute zero the energy levels of a metal crystal are full up to the Fermi surface of energy 
_ == (¢ = metal electron work function). All levels above this are empty but above 0° x. the 
cut-off becomes diffuse due to thermal energy. Both vacant and full levels may correspond to 
cigen-functions of s, p, d, or mixed character. 

Bound surface states of various origin may exist. These comprise levels corresponding to 
crossing of atomic levels (Shockley, Pays. Renew, 1939, 56, 317), to variation in Madelung 
potential at the surface (Mott, “ Electronic Processes in Ionic Crystals,"’ Oxford, 1940, p. 86), 
and to the presence of the sorbate (Lennard-Jones, loc. cit.; Pollard, Phys. Review, 1939, 56, 
324). Such states lying above the Fermi surface will be empty, those lying below will be full 
and in metals, because of transitions between the surface and volume levels, need not be 
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or electron/atom ratio. 


Distance from meta! surface 


considered in detail. In semi-conductors and insulators, on the other hand, surface levels where 
they arise may be of considerable interest. 

Now that the general conditions leading to electron movement have been sketched, some 
special cases will be treated for various solid types on the assumption that the above conditions 
hold. 

6. Merats. 


In metal crystals the lattice electron affinity equals the lattice ionisation potential and the 
electron exit work function, 

(i) Posttive-con Formation.—-Positive ions are formed by transferring an electron from the 
highest occupied level (—~J) of the absorbed species to the lowest unoccupied lattice level 

(a) Equilibrium. If the sorbate at the surface is considered to be a surface phase, the 
electrons of which are in equilibrium with those of the metal phase through a dilute electron gas, 
then the ratio of ionised species in the surface phase is given by 


where 
and 


of the 
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Cambridge, 1939, p. 472). 
particics respectively, = 


i adsorption energy 
negative, corresponding value for the neutral particle tho 
ee ge unit volume, and ¢ the metal electron energy. 
The entropy change per added electron in the metal corresponding to 4s is 


and can be neglected as in some thermionic work except when (d log, g() /de), .. — , is large. 
The electron exit work function (¢) is known accurately only for a few pure metals, so that it 
will be useful to note that it is defined by the approximate relation 


N is the number of electrons per unit volume of metal and — 1 the energy at the bottom of the 
electron band. 

Other things being equal, |) increases as g(«) increases. 

The ionised electron need not enter the crystal at the Fermi energy level. For instance, in 
metals having holes in the d-band, surface atoms will have a certain lifetime in charged states 
corresponding to singly- or multiply-charged positive ions, and the donated electron will tend 
to enter one of these “ ionised "' levels. However, the Pauli principle ensures that this process 
from the equilibrium standpoint is equivalent to the addition of an electron at the Fermi level. 
Gurney (Phys. Review, 1935, 47, 479) has indicated that the ionisation potential of the metal 
atom, rather than the work function of the metal crystal, is the better parameter to use in the 
treatment of ionisation at surfaces. ©4*/°A is a maximum for a given sorbate when J' is a 
minimum and |p*| a maximum. 

(b) Geometry of the “ active centre.” In a given system |AU*| is a maximum (and J' a 
minimum) when the ion has acquired the greatest number of lattice atom nearest neighbours. 
In this state the ion takes up a position interstitially at the surface, or as near as possible to a 
vacant surface lattice point. 

From another viewpoint, since level breadth increases exponentially as the distance between 
the absorbate and the surface atoms decreases, / will be a minimum when the neutral adsorbate 
is itself in equilibrium at a lattice defect. 

Obviously such sites are most likely to exist on catalyst planes of least packing density, ¢.g., 
(111) of «iron and (110) of nickel, or at a point in the surface plane from which an atom is 
missing. At these centres minimum movement of mass centre occurs between the physically 
and chemisorbed states contributing to a minimum activation free energy; the values of 
parameters giving most favourable equilibrium give also the greatest ionisation velocity. 

The continuity with older work on the relative energies of surface lattice points of various 
co-ordination number and with the more recent ideas of lattice dislocations is obvious (Mott and 
Nabarro, ‘ The Strength of Solids,” Physical Society, London, 1948, p. 1). 

(c) Rate. The free energy of activation depends on the value of AU’ for the system in the 
activated state. Reference to section 4(a) shows that it is a reasonable approximation to put 
the adsorption energy of the ionic activated complex proportional to OU*, ie. AU* = aAU* 
where a is a constant <1. 

Then 


AF* cl+ —a@AU* or AFP + pF . . . 
where } is a constant and AU* now refers to the value of the ionic adsorption energy. 
The corresponding entropy of activation 
AS* a T(d log, 
and for k*, the rate constant for ionisation, we have 
where J* = J — aAU* and K* = a transmission 


factor. 
that is to say whether 
it 1s bare, in unstable condition as in the induction period, or in a stationary state, 


(1950) 
(see Fowler and Guggenheim, 
and {(A) represent partition f 
(@F2/8N), equals the thermodynamic potential per meta! electron per unit volume, / is the 
| 


Over « “ homologous " series of metals such as a series of solid solutions, and using a given 
sorbate, AU'*, and g{— vary. 

(a) Factors affecting SU* and1*. In this formal presentation, the magnitude of the ionisation 
potential at the surface depends wholly on AU* when the forces binding the ion are taken to be 
parely coulombic; AU increases as the ion gets closer to its lattice nearest neighbours. 
Generally the adsorbed ion diameter (D) exceeds that of the lattice atoms (d), and AU’, at a 
vacant lattice point or interstitially, increases with increasing d since the molecule and ion can 
merge more closely with the metal. If SU* varies linearly with ion-surface distance, then 
AU’ « td), where a simple model shows that fractional changes in d (when D > d) produce 
corresponding changes in the adion equilibrium distance smaller by a factor of ~ 10. Metal atom 
diameters, in any long period between groups 5 and 2 (¢.g., vanadium through nickel to zinc), 
show a maximum variation between successive members of 10% and an average variation of 
3%; between iron and copper the maximum variation between successive members is 3°2°,,. 
between ruthenium and silver 5°1%, and between osmium and gold 44%. This is also the 
order of the change in radius of both the vacant sites in the surface planes of greatest packing 
density, and the interstices in the planes of least packing density, when the lattices are of the 
same type. Change of crystal type causes abrupt radius differences in the interstices, such as 
the increase in interstice radius by ca. 15% at the transition from the body-centred cubic to the 
face-centred cubic metals (iron to cobalt, molybdenum to rhodium, tungsten to iridium), and 
@ much larger increment when hexagonal close packing occurs (zinc, ruthenium, cadmium, 
rhenium, osmium). It will be assumed therefore that varying d from catalyst to catalyst has 
negligible effect upon AU* when the metals are near neighbours and no change in lattice type 
is apparent. This is particularly true of the series iron, cobalt, nickel, and copper in their 
face-centred cubic forms. 

If the linearity between AU* and ion-surface distance in the critical range is not a good 
approximation, then atomic diameter in the catalyst will have a somewhat larger influence on 
AU* than suggested above. The purely coulombic conditions are most likely to be satisfied 
when the ion has an inert gas structure, and when overlap is small; generally this is not so and 
AU will be augmented by exchange forces of the kind described below. 

Tonisation need not be simple but may produce a number of positive ions so that J must be 
replaced by a quantity representing a sum of dissociation energies and ionisation potentials and 
AU* by a sum of adsorption energies. 

(e) The electron exit work function. The work functions of metals and alloys are largely 
inaccurate or unknown, but available data indicate a trend in each long period to a flat maximum 
in group 8, probably at nickel, palladium, and platinum where the peak in electron level 
density at the Fermi surface also appears. 

When ¢ is not known, as in alloy systems, it cannot be calculated since it is a sum of lattice 
inner potential, electron kinetic energy, and intrinsic surface dipole, none of which can be 
estimated to the required accuracy. Generally ¢ is greatest when g{—¢) is as large as possible, . 
which is equivalent to taking electron kinetic energy as the dominant term in the sum. Thus 
in alloy systems where increasing clectron to atom ratio shifts the Fermi surface to regions of 
smaller g(—¢), it will be assumed that the rate of decrease of ¢ is larger. Certainly the rate of 
increase of maximum electron kinetic energy per added electron is greatly increased in such 
regions, ¢.g., at the composition where a d-band becomes full or where a Hume-Rothery alloy 
changes phase. 

In a metal crystal ¢ depends upon the indices of the surface plane and changes with lattice 
type ; lattices and faces of densest packing seem to possess work functions slightly greater than 
the rest by a few tenths of an electron-volt. 

The positive dipole produced at the surface by the adsorbed ions reduces ¢ until the electron 
transfer ceases when only a fraction of the surface is covered with ions. Clearly electropositive 
contaminants decrease ¢ and the equilibrium surface concentration of ions as well as the rate 
of ion formation ; electronegative species have the opposite effect. 

(f) Electron level density. The density of electron levels at the Fermi surface, g(—¢), attains 
maxima in group § at nickel and perhaps palladium and platinum, falling to much lower values 
in their alloys with copper, silver, and gold respectively, at approximately the equiatomic 
composition, Similar rapid changes in level density occur at the phase boundaries of Hume- 
Rothery alloys. Again the data are not sufficiently accurate for our purposes since they provide 
only average value of (8 log, g(c)/3e),.—4 over fairly wide ranges of composition whereas 
(d log, g(s) (de), . — 4 is required at a special composition. 

A large positive value of the gradient implies an appreciable positive entropy contribution 
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pr a-prime su a large negative value for this parameter has the opposite 


While the simple band scheme provides a qualitative picture of these variables, it breaks 
down if pushed too far and data are too scanty to yield adequate corrections at the present time. 

(g) Change of adsorbate. When the catalyst remains unchanged but the adsorbate varies, 
both J and AU are affected. The ionisation potential of the electron removed from the 
adsorbate is greater or smaller depending on its bonding or non-bonding character and the 
environment in the molecule (Price, Chem. Reviews, 1947, 41, 257). In a homologous series of 
molecules of increasing molecular weight, J decreases and the molecule diameter or length 
increases as the series is ascended. These parameters are not necessarily identical with those of 
the earlier considerations since in complex molecules only the smaller groupings can be accom- 
modated at an active centre. Thus in C,H,,, “OH adsorption the appropriate radius might 
be that of OH and the ionisation potential that of the non-bonding oxygen electrons; 
alternatively the radius of CH, or covalently-bound H, and the ionisation potential of the C-H 
bond, might be appropriate. When the reactant possesses non-localised electrons or electrons 
which can be excited to low lying non-localised orbitals, the relevant ionisation potential is that 
of the molecule as a whole. Evidently in large molecules ionisation can occur at one or more 
groups corresponding to multiple attachment to the surface with all its geometrical consequences. 
Whether the ionised electron is bonding or non-bonding the resulting ion is often unstable, as 
the results of mass spectroscopy often indicate (Hipple, Fox, and Condon, Phys. Review, 1946, 
347). 

Summarising, it appears that positive-ion formation is most favoured and fastest on metals 
and alloys possessing the following properties : large electron exit work function, large positive 
value of (d log, g(e)/de) at the Fermi surface, crystallisation such that planes of least dense 
packing are exposed to the gas phase or such that other more densely packed planes have a 
high concentration of vacant sites and controlled quantities of electronegative additives. 

(ii) Negative-ion Formation.—A negative ion is formed by removal of an electron from the 
highest occupied level —¢ ~ u* of the crystallite to the lowest unoccupied level (—E = electron 
affinity at the surface) of the adsorbed species. 

This process is the converse of that given for positive-ion formation and the fraction of ionised 
species in the surface phase : 

{(B~) 


where 


E is the electron affinity of the isolated substrate and AU~ the adsorption energy of the anion, 
both being negative in the cases of interest. 

The argument now runs much as before. Owing to the large polarisability of the negative ion 
there is a smal! image effect increasing the electron affinity at large distances from the surface, 
but the big increment comes into play only when the adsorbate approaches an active centre 
defined exactly as for positive-ion formation. A chief point of difference is the relatively large 
size of the anion which reduces the coulombic contributions to AU~ and suggests that only 
strongly electronegative particles form negative adions in the absence of overlap forces. The 
free energy of activation for ionisation is again 
AF* o E + cAU~ — yp or AF* = d(E + cAU~ — yp), where c and d = constants . (14) 
and the corresponding entropy 

AS* a — - - - + + (6) 
The rate constant for ionisation is 
= . . .. (16) 


The electron affinity E is unknown for most particles; the best values and the largest are 
available for oxygen, sulphur, and the halogens. 
Negative-ion formation is fastest and most favoured on metals and 


alloys possessing the 
: low electron exit work function, 


(iii) Covalent Bonding.—Electron exchange affecting bonding through the resultant resonance 
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energy yields two conveniently distinguishable bond types: the metallic bond, where the 
bonding electrons are more or less mobile, and the covalent bond, where they are localised between 
the bound atoms to give a durected bond. These and intermediate bond types can arise in 


The ratio of the work function to the first ionisation potential is about 0°5 for most elements, 
and atoms of metal may be deposited from the vapour on to the metal surface to form a chemi- 
sorbed layer which is an extension of the metal crystal. In the same way atoms of zinc, 
phosphorus, arsenic, hydrogen, and nitrogen, having first ionisation potentials between 9 and 
15 ev. form solid solutions or metallic compounds with some of iron, copper, nickel, and palladium 
(¢ ~ 45-5 ev.). The intermediate chemisorbed state cannot differ markedly from the 
equivalent two-dimensional solid solution, and will possess bond character of the same kind as 
the bulk solution, modified by the asymmetry at the interface, Similarly a gas such as carbon 
monoxide forms a surface complex in which the bond approximates to that in the metal carbonyls. 
Morris and Selwood (J. Amer. Chem, Soc., 1943, 65, 2245) observed magnetic changes on poisoning 
& metallic nickel catalyst with mercury, lead, and carbon monoxide, which parallel those 
expected on formation of solid solutions or nickel carbonyl, and support such a correspondence. 
Most radicals and unsaturated molecules have ionisation potentials in the above range or 
smaller, and homopolar bonding is expected. 

Electron exchange to cause covalent bonding occurs between levels of the catalyst-substrate 
complex of comparable energy; moreover, since a condition of resonance is that the extreme 
neutral and ionic forms must involve only small displacements of the nuclei, the geometric 
properties already given for an active centre are optimum here also. Other things being equal, 
the adsorption free energy will be proportional to the adsorption energy of the radical or 
molecule, i.¢., to the additional resonance energy of the system. 

(a) Metallic bonding. Li interactions of substrate levels with all metal levels are considered 
qualitatively, in a molecular-orbital approximation where the metal volume levels remain 
mainly unaffected, it appears that a number of electrons equal to the loosely bound (" valency "’) 
electrons of the substrate, must be promoted to the lowest, unfilled, essentially metallic level of 
the complex. These anti-bonding electrons must therefore be accommodated at the Fermi 
surface and this will be accomplished most easily when the difference in energy between the 
meta! work function and the substrate ionisation potential at the surface is a minimum and 
when the energy density of levels at the Fermi surface is large (compare a copper or zinc atom 
alloying with a nickel surface). A physically absorbed, large saturated molecule, at a plane 
surface without defects, possesses a large ionisation potential and ¢~ 10 ev. Homopolar- 
bond formation on closer approach can result only when the energy gained by the depression of 
the bonding levels exceeds that required to put electrons in the anti-bonding levels. Interaction 
produces a symmetrical divergence of bonding and anti-bonding orbitals about the unperturbed 
substrate levels, but since the metal levels are initially full at this energy no appreciable energy 
can be gained, certainly not 10 ev., and no bond can be formed. Bonding on this basis is possible 
only for initial levels close to the Fermi surface where the anti-bonding levels may be largely 
empty. The process is equivalent to the elevation of a metal electron, from a filled level near 
the substrate level, to the Fermi surface followed by interaction between the substrate level and 
the now unfilled metal level (Lennard-Jones, Joc. cit.). 

By analogy with solid solution effects, chemisorption is easiest when the substrate ionisation 
potential is less than or equal to approximately twice the catalyst work function. The limiting 
ionisation potential may be smaller or larger than this when the covalent radius of curvature of 
the intruding electron distribution is larger or smaller respectively than that of the meta] atoms. 
Chemisorption of saturated molecules with / greater than this limit is possible only in special 
positions (active centres), as already described. Dissociation of the molecule into radicals of 
smaller J and possibly smaller radius (¢g., hydrogen atoms) is a much more likely event. 
Saturated molecules (¢.g., H,) and “ unsaturated " molecules such as carbon monoxide, carbon 
dioxide, nitrogen, etc., because of their smal! covalent radius or that of the atoms into which they 
may split, can merge more into the metal and behave as though of lower ionisation potential 
than the same molecules vacuo. 

If the catalyst crystallite is sufficiently large for the filling of its electron levels to remain 
essentially undisturbed by the chemisorption, then the addition of the anti-bonding electrons 
at the Fermi surface introduces an electronic entropy contribution which has the same dependence 
on the gradient of electron level density as given for ionic bonding. 

(b) Localised bonding. The localised bond properties follow most simply from Pauling’s 
recently formulated valencies for the transitional senes of metals (Phys. Review, 1938, 54, 899; 


TT) 
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Proc. Roy. Soc., 1949, A, 196, 343) if electron pairing in chemisorption occurs both in the unfilled 
“atomic ” orbitals (maximum number 248 per atom), and in the unused fraction of surface 
“ bonding " orbitals (maximum number 6 per atom). The number of ligands of the surface 
atoms is less than that for a bulk atom by a factor of ~ § and the geometry is asymmetric, so 
that the surface orbitals need not have the same character or distribution as those in the interior. 
Magnetic data (Selwood, joc. cit.; Dilke, Eley, and Maxted, Nature, 1948, 161, 804) seem to show 

happens is a rehybridisation of orbitals on the surface atoms to give the strongest bond 
with the substrate s-, sp-, or p-orbitals, while maintaining maximum metal-atom-to-metal-atom 
cohesion. Since dsp-orbital strength increases with d-content, one may expect strong bonds to 
be formed most easily where almost pure d-orbitals (“ atomic orbitals ") already exist, unused 
in metal-metal bonds. This means that covalent-bond formation should be favoured and fast 
on metals with unfilled “ atomic orbitals.” However it does not follow that bond strength must 
increase with increasing number of these vacant orbitals (estimated for interior atoms), because 
there will be modifying surface effects and energy limitations. 

Taking the localised bond and the band models together suggests that the strongest covalent 
bonding of a substrate would result when the density of d-levels is largest compared with that 
of the s-, p-levels at the Fermi surface. This maximum in d-level density occurs close to pure 
nicke! and its congeners in the transitional series. Copper and zinc can form bonds of comparable 


on the potential step at the metal-gas interface produces a potential well just inside the metal, 
the depth of which depends on the metal—particle distance. Below a critical well depth surface 
states exist, which may be occupied by a substrate electron to form a one-electron bond (Pollard, 
Phys. Review, 1939, 56, 324); pairing with a second electron from the metal is considered 


This model for covalent bonding in chemisorption does not explain the decreased para- 

ism or ferromagnetism observed during chemisorption on some metals, or the apparent 

dependence of catalytic properties on conditions at the metal Fermi surface. Adsorption by this 

mechanism may occur alongside the types already treated especially when the metal conduction 
band is narrow. 

Summarising these conclusions on covalent bond formation, it appears that the process of 
chemisorption is most favoured and fastest at surfaces having the following characteristics : 
large electronic work function, large value of g(—¢), large positive (d log, g(«)/de),. 4 and 
presence at the surface of “ atomic ” orbitals in the Pauling sense. 

(iv) Real Bonds.—Real bonds are formed by van der Waals, coulombic, and exchange forces 
acting together, all of which depend on the electronic structure of the solid, whether the adsorbate 
is molecule, radical, ion, atom, or activated complex. It is impossible to estimate the strength 
or rate of formation of a mixed bond by simple methods, and even in the case of the pure-bond 
types the models involving formal ionisation potentials, electron affinities, and work functions 
are not very satisfying. The problem deserves a thorough quantum-mechanical analysis which 
might eliminate a number of the hypotheses introduced above. 

Apparently however positive-ion and covalent-bond formation have a similar 
on the properties at the Fermi surface. Thus, when the rate-controlling step involves donation 
of an electron to the catalyst with exchange, or involves the surface concentration of a particle 
formed by such a process, then activity improves with increasing work function, level density, 
positive density gradient, or d-content of the bonding orbitals. There will’ be values of |¢ — I'| 
and |E’ — ¢| at which the ionic contribution to the bond begins to predominate. 

reaction of saturated molecules or molecules of high ionisation potential is most likely 
to proceed, where possible, by mechanisms of the kind C,H, + H* —— C,H,’ + H, or 
C,H, + H —— C,H, + H, where the inert molecule is physically adsorbed (see Rideal, Proc. 
Camb. Phil. Soc., 1939, 36, 130) rather than by direct chemisorption with bond fission. 

In reactions of low activation energy (~65 kcals. per mole) the variation of van der Waals free 
energy of adsorption with electronic structure, hitherto neglected, must be taken into account. 


7. Tus Specaric Activity. 


The foregoing analysis of simplified models suggested a special configuration for the active 
centre, while electronic-band theory and valency theory led to optimum values for the electron 


bonds in chemisorption will therefore be weak. 
(c) Surface states (Lennard-Jones, loc, eit.). At sufficiently small distances between the 
adsorbed particle and the metal surface, the superposition of the potential well of the particle 
impr ybable 
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energy and level density at the Fermi surface. In particular when electron donation to the 
catalyst is involved at the rate-controlling step, “ holes’ in a d-band fulfil the electronic 
requirements and the free energy of activation at an active centre isa minimum. On the other 
hand if the rate-controlling step involves the positive ion as a reactant its concentration is a 
maximum under the same conditions. So far the electronic characteristics at an active centre 
have been taken equal to the average for the whole crystal, but, viewed from the atomic rather 
than the band standpoint, the holes in the d-band of a d-metal appear at lattice points as ions of 
short life. Mott and Jones (" Properties of Metals and Alloys,” Oxford, 1940, pp. 192, 224) 
have inferred from magnetic data for pure nickel that either a pair of holes (Ni**) or none (Ni) 
are the preferred structures at a lattice point, but specific heat results fix the number at one 
(Ni*; Mott, Proc. Physical Soc, 1949, 62, 416). In alloys having a constituent not normally 
possessing holes in its d-bands, ¢.g., copper, zinc, or aluminium (" s,p-metals *’) in nickel, the 
probabilities of a hole appearing at an s,p-atom or at a d-atom are not the same, Niessen 
(Physica, 1939, 7, 1011) considered that the holes appear mainly in the d atoms except in copper— 
nickel and nickel-zinc alloys where the distribution is random. At present the problem remains 
unsolved. 

In our ignorance a number of possibilities need examination. The model involves a bimary 
alloy system of uniform crystal size when the surface is essentially bare and electron donation 
to the crystal is rate-controlling. 

(a) Holes Randomly Distributed and All Available,—-When the crystals are sma!! the total 
number of holes may be available for reaction, since the tunnel effect should render interior holes 
accessible up to ca. 40 a. from the surface when the barrier is small. 

The rate of reaction per unit is then 


where # is the number of atoms in the crystal, a the number of holes per atom in the d-band at 
temperature 7° k. and s,p-metal atomic fraction *. yg is the thermodynamic potential per 
metal electron per unit volume in the alloy crystal and A its surface area. 

(b) Growps of n Holes, randomly distributed, Available only at the Surface.—Although the 
tunnel effect enables an electron of suitable energy to reach all holes, the electrons considered 
here are not initially in the right state. The ionisation of the adsorbed species will be dependent 
on the powerful Coulomb field of the transient positive ion, and its effect upon the potential 
barrier will decline rapidly as the hole recedes from the surface due to the perfect shielding by 
the mobile electrons. The chance of finding a hole at a surface atom is proportional to the 
concentration of holes in the crystal and to the ratio of surface atoms (m,) to the rest (m,), i.¢., 
 njn,/n,, or if the holes move in groups of y the chance of finding such a group in the surface 
becomes a wjn,/ny and the rate of reaction per unit area 


ac exp. ( 


(c) As (b) but the Holes appear only at d-Atoms.— The above equation must be multiplied by 
the atomic fraction of d-atoms giving a rate 


— shexp.[— 0° + AT]. . . 19) 


in all the above examples the activity of an active complex has been put equal to the average for 
an active centre. 
| is itself a function of the alloy composition and for simplicity will be put = nj, the corre- 
sponding value at 0° K., when for a binary alloy of a d-metal and an s,p-metal ab, = 
_ fespectively the number of holes in the d-band and the number of s,p-electrons per atom. 
| %, #8 the number of s,p-electrons per atom of s,p-metal and «# is the atomic fraction of 5,p-metal. 
At a critical composition (x*), nj, becomes zero and the alloy activity can be considered in two 
parts corresponding to alloys having holes and those having none. If we use the (6) approximation 
and take first the d-metal-rich side of the critical composition, the total activity of unit area 
includes that of active centres wita holes and active centres without holes. The activity of 
centres without holes is the same as that at the critica) composition. 
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The rate of reaction at composition s < s* is then 


where Z is the fraction of the surface occupied by active centres. In the range of composition 
where there are no holes (4 > 4°) the rate 


Since the activity term corresponding to holes in the d-band is such as to give a large activity, 
this must fal] rapidly to a small value or zero (depending on the exponential containing s*) at 
the critical composition. 

At temperatures above 0° K. there is a transference of electrons from the d-band to 
the s,p-band in alloys such as copper-nickel (Wohifarth, Proc. Physical Soc., 1948, 60, 360; 
Proc. Roy. Soc., 1949, A, 195, 434) so that nj > nj, and the sharp drop of #), to zero at the 
composition x* is replaced by a more gradual approach of #j to zero at a slightly different 
critical composition *,* > s*. When the reaction is such that the holes in the d-band are very 
active and the filled band is effectively inactive, then the activity of the s,p-metal-rich alloys 
at * > #* will be very sensitive to small variations in «} brought about the thermal activation. 


Under these conditions 
mjocexp.(—Ac/feT) . . ..... « (232) 


where Ac is the difference in energy between the top of the d-band and the Fermi surface (Mott, 
Phil. Mag., 1936, 22, 287; Wohlfarth, Joc. cit.). 

Over alloys where the holes appear only at d-atoms, the initial decline in activity with 
increasing * is much more rapid than that given above, but reaches zero at the same value of x. 
Similar results obtain regardless of the valency of the s,p-metal in solid solution and the activity 
falls more quickly to zero at a smaller x* with increasing An, since On}, — An,. 

Relevant data on the alloys of d-metals amongst themselves are scanty and not always 
reconcilable with simple band theory. Here it will be assumed that the same general principles 
apply. In alloys containing no d-metal, ¢.g., a-brass, the two metals appear to have a common 
s,p-band and the electronic structure of an active centre will be taken, in a first approximation, 
to be independent of nearest neighbour atom type. 

The fact that vacant electron sites appear at specific atoms suggests the link between the 
electronic-structure effect in catalyses and the current purely geometric interpretations. 

(d) Retardation by Reactants and Products.—The reaction rate trends given above may be 
said to be typical of the metal and not of the general class of catalyst-sorbate complexes. They 
hold for processes proceeding in a stationary state on a sparsely populated surface, or for the 
induction period of a reaction involving surface coverage by chemisorbed reactants or products. 
In a stationary state where some chemisorbed species covers an appreciable fraction of the surface, 
the rate-controlling step may proceed on the bare surface or it may involve the removal of the 
chemisorbed material itself; both situations are normally treated by the methods initiated by 
Langmuir. However, where the chemisorption of the retarding species involves increase of 
the electron : atom ratio of the crystal it affects the whole surface by reducing nj or by raising 
the electron energy in s,p-metals. In coherent catalyst crystallites of normal size the drop in 
activity from this cause should be small. On the other hand, when the rate-controlling step 
involves an attack on the retarding layer itself, the local concentration of electrons or holes at its 
periphery will tend to be larger or smaller respectively than in the crystal bulk, and the reaction 
rate may be slower than expected. That is to say the strongly chemisorbed molecules function 
in the same way as s,p-metal, and displace the rapid onset of activity in d-metal alloys to values 
of « lower than 2*, or in s,p-metal alloys produce a lowered activity 


8. Metat awp ALLoy CatTaLysts. 


In this section the rules laid down will be applied to some real catalysts. A metallic catalyst 
is defined as one which im sifu in its quasi-stationary state contains metal as a separate phase 
regardless of form or manner of support. When there is more than one metallic constituent 
the resulting alloys are assumed to be homogeneous, while in the presence of several metallic 


electron : atom ration than actually present in the bare alloy. 
All the foregoing major conclusions are reversed in an obvious manner when negative-ion 
formation is the rate-controlling step. 
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phases the total activity is taken to be a linear function of the percentage weight, specific 
activity, and specific area of each phase. 

Metallic catalysts of industrial interest have almost-full or just-filled 3d-, 4d-, and 5d-bands, 
and our discussion shows that their activity must vary rapidly with composition in that range. 
The variation in physical properties is well known (Mott and Jones, loc. cit.). Less well known 
are the hydrogen solubility studies of Sieverts ef al. (Z. anorg. Chem., 1915, 92, 329) in the silver, 
gold, and copper-palladium systems, where the solubility at low temperatures (10—100° c.) 
falls rapidly from the high value in palladium to almost zero at the equiatomic composition. 
There exist, also, less well defined properties which change with the filling of d-band holes and are 

associated phenomena, ¢g., the rate of oxidation (Pilling and Bedworth, /nd. Eng. 
Chem., 1925, 17, 372) and sulphuric acid attack (Irmann, Abhandl. Inst. Metall., Aachen, 1916, 
1, 39) on the copper-nickel alloys, the diffusion of nickel in copper (Johnson, Metals Tech., 
Tech. Publ. No. 2007, 1946), etc. See aleo Ublig (Trans. Electrochem. Soc., 1944, 85, 307) on 
corrosion. 

(i) Transitional Metals.—Only the metals from chromium to zinc will be considered but the 
reasoning applies equally to the remaining members of the period and to the other long periods. 

Caleulation (Krutter, Phys. Review, 19356, 48, 664; Manning, tbid., 1943, 63, 190) shows that 
the density of electron levels, g{—¢), increases steadily from chromium to iron. The low- 
temperature electronic specific-heat data of Keesom and Kurrelmeyer (Physica, 1940, 7, 1003) 
indicate a flat in g( —¢) extending from a-iron to $-cobalt, a sharp rise between the solid solution 
8&5: 15 nickel-iron and pure nickel, and a rapid fall between the nickel-copper solid solutions 
containing 40%, and 20% of nickel. Since the best recorded electron work functions may vary 
by as much as 06 ev, for a given metal only the trends in each period will be noted. There 
appears to be a relatively rapid increase of work function between the metals of group 5A and 
§, followed by a constant or slowly increasing value up to nickel, palladium, or platinum in each 

and a rapid fall to copper, zinc, ete. (Reimann, “ Thermionic Emission,” Chapman and 
Hall, London, 1934; Herring and Nichols, Rev. Mod. Physics, 1949, 21, 187). Parallel changes 
oceur in the inner potential, where it is known, and in the reciprocal of the metal interatomic 
distances. If the effects of increasing electron : atom ratio from copper to zinc are observed in 
the properties of the corresponding solid solutions (intermetallic compounds also in the copper- 
zinc alloys), the above trends show discontinuities at phase boundaries, and changes of slope 
where the gradient of g(e) undergoes rapid change. 

(a) Rate controlled by positive-ion format There will be a gradual increase in activity 
from chromium to cobalt, onset of high activity between the alloy 85 ; 15 nickel-iron and pure 
nickel, and a sharp maximum either at pure nickel or in dilute solid solutions of iron and cobalt 
in nickel, Beyond nickel the activity drops almost linearly to a very low value at 40: 60 
nickel-copper (depending on the temperature and the reaction) and then decreases slowly still 
further to zinc. 

A number of additional effects operate but it is difficult to estimate their magnitudes or to 
superpose them upon the general curve. Thus, according to Pauling and Ewing (ibid., 1948, 
20, 112) the electron : atom ratios of both a- and §-manganese correspond to full or almost full 
Brillouin zones, and therefore their activities should be less than expected on simple interpolation 
between the activities of body central cubic chromium and a-iron [see section 8 (iii)). In 
addition, the alloys and elements between pure nickel and 40 : 60 nickel copper are ferromagnetic 
at those temperatures where the free metals are normally used as catalysts. This implies 
{section 8 (v)) the presence below the Curie temperature of an inhibiting effect, decreasing in the 
series cobalt, iron, and nickel, which must be included in the total assessment of activity. 

(b) Rate controlled by negative-ion formation. The activity trend is the opposite of that 
discussed in (a) while the secondary variations can obviously be treated similarly. 

(c) Rate controlled by covalent-bond formation. The table shows how the valency orbitals are 
occupied in the various elements according to Pauling (Proc. Roy. Soc., 1949, A, 196, 343). 


Transitional-metal Orbiials (Pauling). 

Orbital type. , Mn. Fe. Co. Ni. Cu. Zn. 

Bonding (max. 6) filled § ............... 56 6 6 55 45 

Atomic (max. 3) not full . 2-2 7 0-6 Ni Ni 
The total number of singly occupied “ atomic " orbitals reaches a maximum value at the 
alloy of approximate composition iron 77% and cobalt 23%, and falls to zero at an alloy 
containing nickel 40°), and copper 60%. Therefore up to this latter composition d-orbitals are 
readily available at the surface to form strong bonds, but at higher electron : atom ratios only 
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a fraction of the “ bonding ” orbitals, which are themselves decreasing in number, can be used. 
The activity changes must parallel these given under (a) and similar filled-zone and ferromagnetic 
effects will be 

(ii) Alloys of d-Metais with s,p-Metals and Metalloids.—As an clement with loosely held 
valency electrons is added in solid solution to a transitional element with holes in the d-band, the 
decrease in activity, when positive-ion or covalent-bond formation is rate-controlling, parallels 
the decline in the number of holes per atom in the d-band of the alloy. The rate of decrease 
depends upon An, (cf. section 7), and is larger the higher the valency of the solute s,p-metal. 
Only in a number of simple cases can the band theory be used to predict in detail the character- 
istics at the Fermi surface of the alloys, and in more complex alloys recourse should be had to 
the physical (particularly magnetic) data themselves. 

In the alloy composition range where ¢g(—¢) begins to drop rapidly, the activation energy 
(cc J* + p>) of the substrate reaction begins to increase because the rise of Fermi energy per r added 


composition 
nickel—copper alloys, narrow as in tin-iron, very limited (iron—copper), or scarcely different from 
the chemisorption of the s,p-metal. Hydrogen, boron, carbon, nitrogen, phosphorus, and the 
metalloids function in the same way as the s,p-metals, but possible failure of the band theory 
when applied to their alloys and compounds suggests caution in fixing the effective valency at 
the norma! chemical value. The eflect of hydrogen in deactivating palladium (Beeck, U S-P. 
2,223,777) must be explained on this basis and the mach disputed réle of “ bulk " carbide in the 


(iii) Hume-Rothery Alloys.—Jones (Proc. Roy. Soc., 1934, A, 144, 225) has pointed out that 
the phase changes occur at special electron ; atom ratios, when the Fermi surface can be reduced 
in energy because of the greater density of electron levels available at the Fermi surface in the 
new phase. Sharp changes in activity must be expected at the phase boundaries associated with 
the electronic «eadjustments and with the different geometry. The geometric contribution 
cannot be estimated but the electronic effects follow from the theory. 

Consider the brasses, beginning at pure copper and adding zinc. At pure copper the first 
Brillouin zone is half full, but addition of zinc in solid solution increases the electron : atom ratio, 
the energy of the Fermi surface and the electron-level density (at first g(e) ac «4). The 
of level density, dg(c) /de, is positive but its numerical value is smal) compared with that at the 
critical composition in the copper—nickel alloys. As the Fermi surface approaches and touches 
the zone boundary, g(c) increases more rapidly to a sharp peak and then falls off rapidly, so that 
the face-centred cubic structure has a decreasing value of g(e) and becomes unstable with respect 
to the body-centred cubic structure which possesses a large increasing value of g(s) at the same 
electron : atom ratio. The a-phase therefore rearranges to yield the $-phase, in which the level 
density at the Fermi surface increases, the gradient of level density changes from large negative 
to large positive, and the energy of the Fermi surface decreases (Fig. 4). 

A similar description can be given of the changes at the boundaries of the §-phase with the 
y-phase and of the y-phase with the e-phase. 

(a) Rate controlled by positive-ton formation. The free energy of activation must increase up 
to the composition where the Fermi surface touches the zone boundary because the energy of 
activation inc with increase of Fermi energy and the electronic contribution to the entropy 
of activation is small but positive. (The gradient of g(c) must be vory large to make an 
appreciable entropy contribution since it appears in the latter as d log, g(e)/de.) Further 
increase of electron : atom ratio pushes the Fermi surface up to the peak in g(«), and this will be 
accompanied by a flattening of the rising activation free energy curve owing to a diminution in 
the rate of increase of the Fermi energy per added electron and to the increasing electronic 

effect. As the Fermi surface passes under the peak of g(e) the situation is similar to 
that in the nickel-copper alloys, at the critical composition when the d-band is filling up, and a 
rapid increase in the free energy of activation results. However in the new phase the electronic 
characteristics are similar to (not identical with) those in the old phase at the composition 


falls. This phenomenon occurs because of the extensive overlapping of energy levels in solids. - 
Homogeneous reactions correspond largely to transitions between potential surfaces, in which ™ 
the energy level density, and therefore also the entropy and the entropy factor, always increase 
with increasing energy and hence with activation energy. a 
Fischer-Tropsch processes appears, at the least, to be that of a diluent. 
When negative-ion formation is rate-controlling the activity changes are the converse of 


where g(c) is just rising to its peak. Thus at the boundary of the new phase the free energy of 
activation is considerably lower than that at the electron-rich edge of the old phase. This 
activity pattern repeats itself in each new phase as long as the structure is controlled by 
electron : atom ratio. In the intermediate regions of mixed phases a linear relation holds 
between the activities of the old and new boundaries (see Schwab, loc. cit.). 

It is worth noting that in a given phase the activity variations between crystal faces of 
different Miller index will be most pronounced around the maximum in g(c). 

When negative-ion formation is rate-controlling the trends are the converse of those given 
above. 

(b) Rate controlled by covalent-bond formation. Yauling’s valencies lead one to suppose a 
gradual decrease of activity from copper to zinc through the brasses, but with oscillations about 
this average line corresponding to the phase changes. Band theory gives the same results as in (a). 

(iv) Order and Disorder im Alloys.-Pauling and Ewing (loc. cit.) suggest that ordering in 
6-alloys may be affected by electron filling of Brillouin zones and this leads to conclusions on 
activity changes during ordering and disordering similar to those considered in subsection (iii). 
The state corresponding to a filled zone, or one filled to just past the peak in g(c), should have the 
lowest activity in the absence of dominating geometric factors. 

(v) Magneto-catalytic Effect.—Hedvall’s observations (see Chem. Reviews, 1934, 15, 139; J. 
Physical Chem., 1942, 4, 841; “ Handbuch der Katalyse,”’ edited by Schwab, Springer, Vienna, 
Vol. VI, p. 578) on activity changes as catalyst temperatures pass through the Curie point 
receive in part a very natural explanation according to this theory. Cardwell (Phys. Review, 
1949, 67, 125) has produced evidence of a small increase in the work function of pure nickel as its 
temperature increases through a region including the Curie point, and this together with the 
accompanying disorientation of the metal-electron spins indicates a change in catalytic activity. 
In a ferromagnetic metal at absolute zero all d-band holes are of one spin only and the energy 
required to uncouple an electron spin is ~ k6, where 6, is the Curie temperature in “x. Addition 
of electrons to the metal (or formation of a covalent bond) near 0°K. with the lowest activation 
energy can occur only for electrons of one kind of spin, and in the absence of any orienting 
effect of the metal-electron-substrate-electron exchange energies this implies the reduction of 
the entropy factor by one half. Rising temperature uncouples an increasing number of spins 
© that the entropy factor increases and the rafe constant contains a factor (1 + exp. — 4,/T7). 
Above 6, spins of both kinds can be paired in the d-band and the entropy contribution from this 
factor is a maximum; at the same time terms containing k6, drop out of the activation energy. 
Now in real polycrystalline metals the saturation magnetisation seldom falls to eero sharply at 
4 specific temperature but “ tails to zero slowly over a finite temperature range (Gerlach, 
Z. Elehtrochem., 1039, 45, 151). Over this range the entropy factor increases and the activation 
energy decreases in the manner described, whether positive-ion, covalent-bond, or negative-ion 
formation is rate-controlling; this is the magneto-catalytic effect. 

If the effect noted by Cardwell (loc. cit.) is general, then this change in work function is an 
additional factor; it decreases the activation energy of reactions controlled by positive ions and 
increases the activation energy where negative ions are dominant. 

Practically the effect can best be demonstrated on alloys of low Curie point where side 
reactions interfere least, but these are the catalysts where the effect will be a minimum. At 
higher temperatures side reactions (¢.g., carbide formation) confuse the issue, and the reaction 
between hydrogen and deuterium seems most suited to this study. 

(vi) Potsons.—Three mechanisms of catalyst poisoning must be recognised although they 
are not entirely independent of each other. 

(a) Change of electron work function (cf. Nyrop, op. cit.). Addition of strongly electropositive 
substances lowers the work function and poisons reactions proceeding va a positive ion at the 
slowest step, whereas strongly electronegative reagents poison the corresponding anion-controlled 
processes by raising the work function. Beyond a certain range of work function both types 
will poison reactions involving covalently bonded intermediates. 

The rate of change of work function with surface concentration of poison is greatest when the 
concentration is amall. Since the work function appears in the rate equation as an exponential, 
it can be seen that this model accounts quite well for those poisoning effects which have been 
used as evidence for the “ non-uniform ” surface. According to this view, even a uniformly 
active surface must exhibit a proportionally greater fall in activity on chemisorption of the first 
traces of poison than for the later portions. 

(b) Electron-level effects. Multivalent elements with easily removable valency electrons, 
«g., Mercury, lead, arsenic, antimony, tin, bismuth, etc., poison by forming surface alloys with 
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metals having d-band holes, whereby the holes or orbitals are blocked with electrons. The 
effect is greater the larger the valency, other things being equal (cf. section (ii)). In 
the Hume-Rothery-type alloys of metals without d-band holes, the effect of these added 
substances may be that of deactivation caused by a rapid rise of the Fermi energy per poisoning 
with drop in free energy of activation [(cf. section (iii)). These remarks are true for 
involving positive-ion or covalent-bond formation at the slowest step; the converse 
is true in an obvious way for anion formation. 

A dipole must be expected at the surface under these conditions which will have an additional 
effect according to (a). 

with all its geometric conseq 

which are obviously metallic. There are other catalysts which behave as metals although 
the situation is more complex; two types and their possible mode of action will be described. 

(a) Reducible metal oxide pius “' irreducible oxides.” Under reducing conditions, as in hydro- 
genation, the easily reducible metal oxide yields small metal crystals in a matrix of unreduced 
mixed oxides (¢.g.,Cu in CuO.ZnO and in CuCr,O,), or the metal crystallites carry the unreduced 
oxides as inclusions and adhesions (¢.g., promoted-iron ammonia catalysts). At the same time, 
owing to the possibility of alloy formation between the reduced metal and the metal of the 
“ irreducible " oxide, the free energy of that reaction is available to assist the reduction of the 
intransigent oxide. This holds even though the extent of alloy formation at equilibrium amounts 
to scarcely more than the chemisorption of the second metal. Thus with CuO.ZnO, small 
crystals of brass appear and the activity of copper is diminished; or in CuCr,O, there may be 
a very small concentration of chromium dissolved in copper with production of holes in the 
copper d-band and an enhancement of activity. (Such catalysts are used at moderately high 
temperatures.) 

“ Alkalisation " of metal catalysts with alkali-meta] compounds, such as the carbonates and 
hydroxides, is a common device in hydrogenations such as ammonia synthesis. Since the 
reactions take place at meta! surfaces it seems that the function of the electro-positive metal 
must be to adjust the meta! work function (see Brewer, J. Amer. Chem. Soc., 1931, 58, 74; 1932, 
55, 1888; Phys, Review, 1931, 38, 401), the free alkali metal being supplied by a mechanism 
similar to that above. 

(b) “ Irveducible*’ oxides. In our approximation, only the oxides of beryllium, magnesium, 
boron, aluminium, and silicon are considered to be irreducible. Other oxides such as zinc 
oxide, are known to be defective in oxygen and to be excess semi-conductors even at considerable 
partial pressures of oxygen. At high pressures of hydrogen or carbon monoxide this reduction 
wil] be increased, although thermodynamic data show that no bulk metal phase can separate at 
ordinary temperatures (<1000° c.). It seems possible that the metal atoms may form what 
amounts to a “ dilute metal” in the oxide lattice, or they may separate into some essentially 
metallic surface phase, so that the catalysed reaction proceeds at a metal surface. When the 
oxygen-defective oxide is metallic its behaviour can be described by the principles of this section, 
and when it is a semi-conductor by those of following sections. 


9. Reaction Examp.es. 


there are no known reaction mechanisms in heterogeneous catalysis, and the 
scanty data go, hydrogen generally reduces the work function of group 6 metals (de Boer, 
“ Electron Emission and Adsorption Phenomena,” Cambridge, 1936, p. 149), which suggests 
that protons exist at the surface and that hydrogenation ought therefore to provide examples 
of mechanisms involving positive ions. In the same way surface reactions with oxygen or the 
ion should provide examples of anion-controlled reactions, 
(a) Hydrogen Addition at Multiple Bonds.—Suppose that saturation of 


multiple bonds 
proceeds via one of the following steps which is rate-controlling (H,, R, and RH, physically 
adsorbed; R is, ¢.g., an olefin; the rest chemisorbed) : 


H* +e H 
R—» Rt +e R+H— RH 
R + Ht — RH* RH + H, —~ RH, + H 


R* + H——» RH* 


RH* + H, RH, + ete. 


| 
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The rate in the ionic mechanism is either that of the formation of a positive ion, or is propor- 
tional to the stationary concentration of a positive ion. The rates and concentrations depend 
upon the number and characteristics of holes in the d-band of a transitional metal as already 
described (section 7) and hydrogenation activity must fall to a low value as the holes are filled. 
Similar behaviour is to be expected if the intermediates are covalently bonded. The results of 
Riendcker on the hydrogenation of ethylene (Z. anorg. Chem., 1939, 242, 302; 1943, 251, 60) 
picture. 

(b) Hydrogenolysis of Bonds.—Bremner (Research, 1948, 1, 281) has attributed the large 
effects in the hydrogenolysis of esters to a “ protonolysis,”” and similar steps can be 
for some alcohols, ¢.g., KOH + H* -——» RK” + H,O (rate-controiling), followed by R* + H,-——~ 
RH + H*. The reaction rate then depends on the surface concentration of protons, and the 
process may be slowed down or stopped by “ alkalisation “ [section 8 (vii)) which reduces the 
stationary work function of the metal surface. Components of acidic function such as alumina 
and silica may act by controlling the alkali-metal concentration through equilibria equivalent 
ee Se eee eae and it should be possible to adjust the work function of 

the composite surface over a wide range (see Brewer, loc. cit.). 

Conversely hydrogenolysis should be promoted by small concentrations of electronegative 
reactants such as hydrogen sulphide, provided that the surface coverage is so smal! that complete 
blocking of active centres does not occur. 

(c) Anions im Copper-Nickel Alloy Oxidation.—A class of reaction where negative ions 
certainly i te is the oxidation of metals, and it is interesting to note that Pilling and 
Bedworth (Joc. est.) found large changes in rate between 20% and 70% of nickel in copper—nickel 
alloy oxidation at high temperatures (850-1000" c.). The oxidation rate is fairly constant 
up to between 30 and 40% of nickel at 850° and 900°, but then begins to fall off rapidly and 
approaches a much lower limiting value at 60-80% of nickel, depending on the temperature. 

It may be significant that this decrease in reaction velocity begins close to the composition 
where the d-band of the alloys starts to empty and suggests that the rate-controlling step in this 
region involves the passage of electrons from the metal Fermi surface to oxygen to form the 

anions. 

(a) Klectron Transfer im Hydrogen Peroxide Decomposs..cn.—Weiss (Trans. Faraday Soc., 
1935, 31, 1547) in a continuation of earlier studies on the catalysed decomposition of hydrogen 
peroxide (Haber and Weiss, Proc. Roy. Soc., 1934, A, 147, 332) suggests that with metal catalysts 
the rate-controlling step is H,O, + metal electron——» OH™ + OH. The theory predicts 
therefore that over copper-nickel alloys the decomposition rate will be fastest on copper and 
copper-tich alloys, falling to a lower value as the d-band begins to empty in the neighbourhood 
of 40% of nickel. This applies at hydrogen-ion concentrations where the alloys are not attacked, 
and on bare metal surfaces where the oxide film is not thick enough to prevent the electron 
transfer. 


10. Semt-conpuctors, 


Many solid catalysts employed in reactions involving reducing and oxidising gases have some 
metallic characteristics or are semi-conductors im sifu in the stationary state. This is quali- 
tatively apparent in the radical colour changes undergone by “ irreducible " oxides and sulphides 
on activation or in use, to yield black, lustrous, or highly coloured contact masses. It is 
significant also that these semi-conductors are much less active, for instance in hydrogenation, 
than metals at the same low temperatures and are not nearly so sensitive to poisoning by sulphur 
and its compounds. 

Unfortunately these oxide and sulphide catalysts are amorphous in the most active forms 
and their structure can only be guessed, whereas meta! catalysts are often recognisably crystalline 
by ordinary techniques, The bonding of the chemisorbed species at the semi-conductor surface 
must nevertheless follow the same principles as with metals, but the electronic characteristics 
are considerably different and the already complex substrate reactions are augmented by others 
in the solid. A convenient classification of catalysts follows that devised for the discussion of 
the electrical properties, namely as intrinsic, normal, and abnormal semi-conductars (see Mott 
and Gurney, “ Electronic Processes in lonic Crystals,"’ Oxford, 1940; Seitz, “" Modern Theory 
of Solids,"" McGraw Hill, New York and London, 1940). The last two kinds arise most simply 
under hydrogenating and oxidising conditions respectively, while many oxides and sulphides 
can exist in both forms depending upon the partial pressure of the electronegative element in 
the gas phase. In the following discussion the oxide and sulphide stoicheiometric lattices are 
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assumed to be purely ionic; covalent and van der Waals contributions to the inter-ionic forces 
are neglected without, it is believed, detracting from the validity of the results which can in any 
case be only of a general character. If greater detail is required, then the basic ideas must be 
applied to special systems along the lines followed by Mott and Littleton (Trans. Faraday. Soc., 
1938, 34, 485), Seitz (Rev. Mod. Physics, 1946, 18, 384), and Wright (Proc. Physical Soc., 1948, 
60, 13) in studies on the solid alkali and silver halides and group 2 oxides. 

(i) Posstiwe-ton Formation.—Production of positive ions during chemisorption at the surface 


\ One may suppose that few catalysts function by a 
ee eee mechanism, but it is useful to discuss this type first because it forms a basis, 
small modifications of which lead to the other catalyst types. 


Fis, 5. Fie. 6. 
Electron levels im an tmsudator on imtrinsse 
sems-conductor (idealized). 


Broder I 
4é 
i 


Full band 


In these solids the top (energy = -¢) of the filled electron band is separated from the bottom 
= —y) of the empty band by a forbidden energy region Ac ~ kT, and the formation of 

in the filled band by thermal activation of electrons to empty levels is not dependent on 

or impurities. At any absolute temperature 7, the concentration of holes 

holes, which may be in the filled band of the cation or anion whichever lies higher, are the 
levels of lowest energy, while the electrons promoted to the empty band lie in the 
wom both holes and electrons are mobile and can appear at the 

of activation for positive-ion formation is readily 

where 1*, equal to! + te the fonination potential ot the 


gained on adding an electron to the cation in vacuo, @ is the electronic charge, and 4 the 
unit cell parameter. Therefore, Ae (A, + Adeje + and in 
the + 1/2 


nickel, and zinc oxides where the atoms have the highest second ionisation potentials in the 


periodic table, and particularly in the corresponding sulphides because of the smaller negative 


occurs, as in metals, by transfer of an electron from the filled substrate level of highest energy 
to the empty crystal level of lowest energy. Appropriate thermodynamic potentials for the 
electrons in a semi-conductor are used (see Fowler, “ Statistical Mechanics,” Cambridge, 1936) 
and conclusions are formed analogous to those found for metals. Only an outline of principles 
and inferences is given in the succeeding sections. 
zero 
ee 4 
the catalyst lattice is ionic, A,e*/a + E, wy, — y @ — 1, (see Mott and b> 
Gurney, of. cil.) where A, and A, are the Madelung potentials at anion and cation sites ’ 
respectively, o», the polarisation energy around the electron hole, a, that around the excess 
electron, E, is the least energy required to remove an electron from the anion in vacuo, /, is the 
higher than that of the cation, the activation energy decreases as E, and /, increase. The full 
expression for Ac shows how it depends on the Madelung potentials and reveals that Ac is smaller 
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+ of the S~ electron affinity compared to that of O~. Unfortunately these metals are 
phenomena 


ir catalytic 

properties follow most readily by extending the arguments used for the Hume-Rothery alloys to 

compounds where the full and empty bands are separated by a small energy gap in all lattice 
entropy 


important type 
(b) Normal semi-conductors (Fig. 6). Here the energy bands are similar to those in intrinsic 
uctors, but the localised occupied electron level occurs close to the bottom of the empty 
band and separated from it by an energy Ae’. The number of empty localised levels in a given 


; these are the acceptor levels of lowest energy. Although the promoted 
electrons can migrate to the surface, the emptied levels are unable to do so, and only centres in or 
near to the surface are of interest in catalysis. 

For a given adsorbate yielding a positive ion, the activation energy for chemisorption is now 
a ([* — ¢ + Ae — Ae’/2) and this is minimised by the conditions noted under (a) but with 
additional parameters affecting Ac’. The localised levels may be due to impurities or to a small 
excess of the lattice metal. Amongst oxide and sulphide non-stoicheiometric semi-conductors 
of the type found under reducing conditions, Ac’ is very smal! (see particularly Fritsch, Ann. 
Physih, 1935, 22, 375, the extensive review by Meyer, Z. Elehtrochem., 1944, 50, 274, and Mott 
and Gurney, of. cif.) so that the probability of substrate ionisation by electron donation to these 
vacated localised levels is even less than that at the surface of an intrinsic semi-conductor having 
the same values of ¢ and Ac. 

The loss of electronegative constituent to give the reduced lattice is accompanied by 
ment of metal atoms into interstitial positions (Frenkel, Z. Physik, 1926, 85, 652) or by formation 
of anion defects (de Boer, Proc. Physical Soc., 1937, 49, extra part, 59; cf. Schriel, Z. anorg. 
Chem., 1937, 231, 313); neither mode! possesses cation vacancies to adsorb positive ions. Thus 
electron level energy, cation adsorption energy, and active centre requirements for positive ion 
formation apparently cannot be met in simple, normal! semi-conductors of the zinc oxide type 
at the conductivity centres. However if substrate ions are formed by donation of electrons to 
the unreduced lattice cations, or to anion defects (producing F-centres), the activation energies 
may become reasonable. Consider a stoicheiometric zinc oxide crystallite containing its 
equilibrium quantity of intrinsic Schottky defects (Schottky, Z. physikal. Chem., 1935, B, 29, 
335); cation and anion vacancies occur in equal but smal! concentration. Hydrogen might 
react with the lattice in several ways; it may yield hydroxy! ions, Zn*, and zinc metal, or form 
Za’ or F centres (Mott and Gurney, of. ci.) with the protons adsorbed at cation defects, etc. 

The proton is of course most strongly adsorbed as OH™ or when situated at a cation vacancy, 
but may be adsorbed with a sufficient energy at other general positions bridging anions by virtue 
of the powerful polarisation it produces. Substrates yielding larger positive ions require cation 
vacancies and, as already indicated, these are present only in small concentration in the 
stoicheiometric crystal and are still fewer in the reduced, semi-conducting state. 

Positive-ion-forming processes can be encouraged, other things being equal, only by main- 
taining or increasing the concentration of cation vacancies by cutting down the extent of lattice 
reduction in the equilibrium state, or by adding or forming an irreducible ionic compound in 
which the cation defect is large and permanent. These modifications are affected simultaneously 
by “supporting ” the semi-conducting oxide upon, or combining it as a solid solution or 
compound with, an irreducible oxide possessing the incomplete spinel lattice, ¢.g., y-Al,O, 
(Verwey, J. Chem. Physics, 1935, 8, 592) and possibly amorphous Cr,O, (cf. Visser, Chem. 
Weehblad, 1946, 42, 127); other suitable cation-defective reagents include the amo:phous 
glass-like oxides such as silica and the mixed alumina-silica oxides where the network-modifying 
positions are empty (see section 1! on insulators). 

Small amounts of sulphur cannot have a drastic effect on these lattices, and such lattices are 
not poisoned as are metal lattices by traces of this element. On the other hand alkali-metal 
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arising from non-stoicheiometry; the ionic oxides having a very smal! potential variability of 

composition are insulators because of the large values of Ac. The discussion indicates that the i 
intrinsic semi-conductors of most use will be almost metallic in properties, and these are found 

dependence on dg(s) /de, for semi-conductors and insulators, as for metals. 

The value of the activation energy depends also upon AU® and therefore on AU~ which 
has its largest value when the substrate positive ion is adsorbed over a vacant cation point in the 
surtace lattice. The significance of this factor will be remarked in the next section concerning 
volume at temperature T is proportional to both the volume and energy densities of levels and 
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ions and the like, which block cation defects, will function as poisons in reactions controlled by the 
rate of formation of a positive ion or by the surface concentration of a positive ion. 

(c) Abnormal semi-conductors (Fig. 7). Abnormal] or oxidation semi-conductors have in the 
forbidden region an empty localised electron level close to the top of the full band and 


non-stoicheiometry or impurities, 
at or close to the surface can function directly as acceptor levels. The holes in the full band are 
mobile and can migrate to the surface. 

The a2tivation energy for positive-ion formation is now a (/* — ¢ + Ae”/2) and is a 
minimum for a given substrate when ¢ is a maximum and Ac” is a minimum. For oxide and 
Ac’ is usually small compared to Ac (¢.g.,Cu,O; Juse and Kurtschatow, Physikal. Z. Sovietunion, 
1933, 2, 453; de — ¢) 
and, other things being equal, this class of semi- 
conductor is most likely to induce positive-ion form- Fis. 7. 
ation. The incorporation of excess of oxide or sulphide Electrom levels im an abnormal sems- 
into the lattice requires an increase in the positive conductor (sdeahsed). 
charge at a number of cations and the omission of 
cations from a number of other lattice points accord- 
ing to M*(s) + MP*(s) + + he. 
The cation vacancies (h*) in the surface are the na << westeta 
active centres at which AU* will be greatest and a be 
minimum. 
may be formed from appropriately chosen catalysts 
in oxidation reactions, they are not likely to be present 


if 


oxide so that the “ valence induction " effect (Selwood 
et al., J. Amer, Chem. Soc., 1948, 70, 883, 2145, 2271; 

Surface Reactions, 1948, p. 49) stabilises to some degree the oxidised state of the supported 


oxide. At least the basis oxide should possess stable cation defects, and the supported oxide also 
if possible. 


(ii) Negative-ion Formation.—Negative-ion formation is most easy and fastest for a given 
substrate when the electrons in the catalyst are loosely held. On intrinsic semi-conductors 
this means when both ¢ and A¢ are small. Subsection (i,b) (p. 260) indicates that normal semi- 


Aurivillois, Z. Krist., 1939, 101, 483; Sillén and Sillén, Z. physihal. Chem., 1941, B, 48, 27; 
Aurivillois, Arkiv Kemi, Min., Geol., 1943, 16, A, No. 17). 

(iii) Covalent-bond Formation.—Covalent bonding in chemisorption must follow rules 
tally similar to those given for metals, but there exists in the more complex oxides 
considerable variation on that comparatively simple theme. Thus in addition to 

simple bonding, esting for instance trom exe of the empty ot tap of om 
anion band in an abnormal semi-conductor to form single electron bonds, 


from it by a small energy increment Ac”. The number of holes per unit volume in the top of 
the full band at any temperature T is proportional to the volume and energy level densities and 
to exp. [—Ac”/2&T), and these are the acceptor levels of lowest energy. Here the empty 
n Teducing atthospheres Of reactions 
hydrogen and hydrocarbons. Under the latter con- ; Ne 
ditions one might choose an irreducible basis oxide Matetetgreratetets 
and support upon it a second multivalent metal 
relatively high in energy and are raised to the conductivity band, where they are comparatively 
free, with only a small energy input. Moreover there are anion vacancies to act as active 
centres and to increase the value of the anion adsorption energy. 
Lattices which become abnormally semi-conducting in an oxidising atmosphere will affect . 
substrate negative-ion formation by a process converse to that for positive-ion production at 
normal semi-conductor surfaces [see (i,b)]. Just as the latter reaction is more favoured in 
equilibrium and accelerated by the presence of structures with extensive stable cation defects, 
so should the former be assisted by stable extensively-anion-defective compounds, Not many 
representatives of this last kind are known at present but mention should be made of the 
compounds of bismuth oxide, Bi,O,, with lead, cadmium, and alkaline-earth oxides (Sillén and 
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11. 


Asalready suggested in section 10 (ia), electron-transfer processes are not expected at ordinary 
catalyst temperatures on insulators, except to a minor extent at mechanical and intrinsic defects. 
The ionic insulator catalysts include chiefly the solid oxides and halides of the lower elements 
of groups 3, 4, and 5 of the periodic table. As a class they bring about reactions such as 
dehydration, isomerisation, polymerisation, cracking, etc., a most striking feature of which is 
the analogy with the corresponding homogeneous processes catalysed by strong acids, aluminium 
halides, and so on, increasingly described by carbonium- and oxonium-ion mechanisms in 
current literature (Whitmore, /. Amer. Chem. Soc., 1932, 54, 3274; Ciapetta, Ind. Eng. Chem., 
1945, 37, 1210; Schmerling, /. Amer. Chem. Soc., 1944, 66, 1422; 19456, 67, 1438, 1778; 1946, 
66, 276; Oblad and Gorin, Jnd. Eng. Chem., 1946, 38, 822; Gorin, Kuhn, and Miles, ibid., p. 795; 
Obiad, Messenger, and Brown, sbid., 1947, 39, 1462; Hansford, sbid., p. 849; Bremner, Research, 
1968, 1, 261). It is significant in this respect that the oxide catalysts are of low activity in 
ee their small water content is further reduced (see Hansford, loc. cit.) 

and if the water is looked upon as a of prot When pure these oxides are very poor 
hydrogenation, dehydrogenation, and oxidation catalysts. They are invariably colourless, as 
expected, and are notable glass-formers and ion exchangers; alkali-metal ions are strong poisons 
(Clark, Graham, and Winter, /. Amer. Chem. Soc., 1925, 47, 2748; U.S.P. 2,333,903; cf. 
Bremner, loc. cif.). Unfortunately the majority of the catalysts are amorphous with unknown 
lattice structures; except for active y-alumina which has the defective spinel lattice (Verwey, 
J. Chem. Physics, 1935, 3, 592) and related catalysts, they will be assumed to have glass-like 
skeletons (Zachariasen, ]. Amer. Chem. Soc., 1032, 54, 3841; Hagg, ]. Chem. Physics, 1935, 8, 
42; Weyl, J Soc. Glass Tech., 1943, 27, 133) from which the norma! network-modifying ions are 
absent, the resulting cation vacancies and some anion bridge positions being occupied by protons. 

y- Alumina appears to occupy a unique position in the study of insulator catalysts since a 
number of workers confirm that activity is attributable to y-Al,O, which changes to a-Al,O, at 
elevated temperatures (cf. Visser, Chem, Weehdlad, 1946, 42, 127; B.P. 571,352, 572,110; 
Feachem and Swallow, J., 1948, 267; Fricke, Niermann, and Feichtner, Ber., 1937, 70, 2318) 
and they have associated activity with cation vacancies in general terms. In the following theory 
the properties of y-alumuna are taken to provide the clue to insulator activity which, it is asserted, 
arises principally from cation vacancies and possibly to a lesser extent from anion vacancies. 

If carbonium. and oxonium-ion mechanisms are accepted as roughly correct for the character- 
istic reactions, they should be fastest at surfaces capable of forming and retaining carbonium 
ions through proten addition or exchange. Active surfaces must be those with cation defects, 
and the defects are the active centres since they possess the closest approximation to the 

suggested in earlier sections. The free energy of chemisorption of a positive ion at a 
cation defect will increase as the electrostatic potential at a cation lattice point increases. In 
detective lattices, such as the defective spinel or a giass, it is usually assumed that the cations are 
distributed statistically over all the interstices of suitable radius. Although this is not likely 
to be an exact description at all temperatures, it docs indicate that cation defects in the surface 
may have only a moderate life at a given lattice point. Now let the lattice contain a little water 
accommodated as hydroxy! groups, where the hydrogen may form hydrogen bonds with adjacent 
anions, then periodically, as a nearest neighbour cation site becomes empty, a proton will occupy 
the vacancy. At the lattice surface a cation defect has lost at least one of its anion nearest 
neighbours, and the deficit is made up by a substrate molecule held by polarisation forces some- 
what larger than simple van der Waals forces. A proton, adjacent to the surface cation defect, 
now distributes itself amongst the cation point, nearest neighbour anions, and the substrate 
molecule according to their respective proton affinities in the solid and adsorbed phases. Thus 
a chemisorbed carbonium ion of definite life is formed directly from a sorbed olefinic reactant 
and will womerise to the carbonium ion of greatest resonance energy (isomerisation), add to an 
adjacent physically adsorbed molecule (polymerisation), or to benzene and saturated hydro- 
carbons (alkylation), and so on. Similarly the oxonium ions derived from alcohols form 
carbonium ions with loss of water, and olefins are produced as the proton returns to a defect from 
the carbonium jon. 

At low temperatures, when the mobility of the lattice cations is small, the life of surface 
cation defects is long, and the life of the corresponding Chemisorbed complex will be controlled 
almost solely by the proton affinities already mentioned. On rise of temperature, cation 
vacancies have a much shorter existence, and the history of the chemisorbed complex will be 
affected by the intrasion of metal cations and the increased chance of the close approach of 
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another defect. As a lattice cation moves into a vacancy the proton switches oie the surrounding 

anions (forming OH™~) to the lattice vacancy in its new position, the net result being that the 
proton tends to follow the vacancy. In the presence of sufficient water, therefore, every defect 
possesses at least one associated proton : hydrous y-alumina must contain at least 2°2% of its 
weight as water for this to be true. Occupation by a metal cation of a surface vacancy, 
chemisorbing the proton-substrate complex, results in the proton following the vacancy away 
from, or along, the surface by the mechanism described. It may happen however that the 
proton remains with the substrate as a positive ion and returns to a surface vacancy at some 
point other than that of its origin. The effect in the case of hydrocarbon residue is that of a 

migration along the chain. High temperatures increase cation mobilities exponentially 
and therefore shorten the life of cation defects; at the same time the decreased equilibrium water 
concentration reduces the fraction of vacancies containing associated protons. Under these 
conditions direct scission of a substrate into a positive ion chemisorbed at a vacancy and a 
negative ion held by polarisation forces is increasingly probable (cf. Eyring, Hulbert, and Harman, 
Ind. Eng. Chem., 1943, 35, 511). 

The activity of all solid insulator catalysts whether oxides or halides can be interpreted on 
this basis although there is no evidence as yet for the presence of cation defects in the well-known 
pure-halide catalysts. Activity and specificity with a given substrate depend on the surface 
density of cation vacancies, the electrostatic potentials at the vacancies, and their nearest 
neighbour anions, and the fraction of vacancies containing protons. For diflerent substrates 
the effective variables are the proton affinities and the radii of molecules and fragments, Even 


them separately. 

(i) Cation-vacancy .—The density of cation defects should be adjustable along the 
halides. If we confine our remarks to the oxides (although they are of general applicability), 
this requires the solid solution of a metal oxide of high valency in the lattice of one of lower 
valency. The extent of such solid solution is usually small, but in the amorphous oxides it 
may be appreciably larger owing to the metastability implied in their glassy structures, because 
of the very extended surfaces where geometric restrictions will be less than in the bulk, and 
because of the cross-linking by hydrogen bonds. This process of cation replacement requires 
that a number of cations of lower valency should be omitted from the lattice; the resulting 
vacancies are the active centres. 

Alternatively, the solute may contain an anion of lower charge than the oxygen ion, and the 
fluoride ion is almost ideal in that it has almost the same radius as ©?" and OH”. Addition of, 
say, aluminium fluoride in solid solution to aluminium oxide might result in the dropping of 
some Al*’ from the lattice with creation of active vacancies. Even in favourable circum- 
stances it is unlikely that solid solution can be pursued indefinitely : it will eventually result in 
the lattice breaking down into two or more solid solutions or compounds (cf. Anderson, Proe. 
Roy. Soc., 1946, A, 185, 69) some or all of which may retain cation defects, The vast number of 
possibilities of cation defect in compounds is too large to be covered in a discussion of this kind 
and recourse should be had to reviews such as those of Laves (Z. Arist., 1930, 78, 202), Strock 
(Z. Krist., 1936, 98, 285), Anderson (Ann. Reports, 1946, 48, 104), and Wells (Quart. Reviews, 
1948, 2, 185). 

Catalyst poisons include all those agents which occupy surface cation vacancies irre- 
versibly, ¢.g., alkali-metal ions introduced during preparation of y-Al,O,, alumina-silica gels, 
ete. Generally all ions which take up ‘ ’ network-modifying " positions in glasses should be 

and those taking up “ network-forming ” positions should be mild promoters or 
deactivators depending on the reaction. Many ions can take up both sorts of position (see 
Weyl, loc. cit.), but with the present lack of understanding of catalyst preparation processes it is 
impossible to foretell the distribution of a particular ion in a freshly prepared catalyst (cf. Plank 
and Drake, J. Colloid Sei., 1947, 2, 399, 413). More empirically, it can be seen that all oxides 
the radius ratio (cation : anion) of which is less than 0°414 are glass-formers (Kuan-Han Sun and 
Silverman, ]. Amer. Ceram. Soc., 1942, 25, 97) and should possess maximum activity; pure 
oxides outside the group BeO, B,O,, SiO, P,O,, and perhaps GeO, will possess much smaller 
activity on this basis. Network-formers include such oxides as Al,O,, TiO,, ZrO,, ThO, S00, 
ZnO, and maybe As,O,, which presumably enter the network of polyhedra in the catalyst gels 
as in glasses; the pure oxides (except Al,O,) will be less active than the glass-forming group 
ink and therefore the concentrations of cation 

next section. conclusions hold for the 
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fluorides, or mixed lattices in which some oxygen ions have been replaced by fluorine ions; 
beryllium fluoride as a glass-former also yields somewhat unstable gels and is a typica! borderline 
cane. Fluorine ions however cause weakening of the polyhedra networks (Wey! loc. cit.) 80 


4. S-alumina,” Beevers ef al., Z. Krist., 1936, 96, 472; 1937, 97, 59; 571,352, 572,110); 
such incorporations must be made in the catalyst bulk and not merely at the surface, with 
inevitable reduction of the number of cation vacancies. Moreover at higher temperatures ThO,, 
SaO,, ZnO, and to a lesser extent TiO, and ZrO,, are reducible either completely (SnO,), or in 
the semi-conductor sense (TIO,, ZrO,, ThO,) and cause unwanted side-reactions which may be 
hindered by increasing the partial pressure of water vapour in the stationary state. 

(li) Electrostatic Potential at a Vacancy.—The proton affinity of an active centre is fixed, in 
the absence of covalent binding, by the proton affinity of the anion im vacwo and the electrostatic 
potential at the cation and anion sites. The calculations of Verwey and Heilmann (/. Chem. 
Physics, 1947, 15, 174; 1948, 16, 1091) show that the Madelung potential! at the tetrahedral 
interstices is almost twice as great as that at the octahedral interstices in some spinel structures. 
In defective spinel lattices containing traces of water this situation can hardly be affected and 
the two sorts of cation vacancy will have different proton affinities with protons preferring the 
empty tetrahedral interstices. Thermal motion, gross structural defects, and the like will 
spread these proton levels out into narrow bands without displacing them appreciably. In the 
less crystalline glasses and gels " a given cation defect will have a definite co-ordination number, 
but different defects may have co-ordination numbers varying slightly about the average, so 
that in the amorphous catalyst the proton affinity of the surface will vary over a wider range than 
at a crystal surface. Following Verwey and Heilmann (loc. cit.), it appears that tervalent and 
quadrivalent ions, in accordance with electrostatic rules, prefer octahedral interstices, while 
some tervalent ions such as Fe**, In**, and Ga®*, along with a few bivalent ions (Zn**, Cd**), 
prefer tetrahedral interstices. This should provide in the defective y-spinel structure a method 
for controlling the availability of the two types of vacancy; for instance, in a process deemed 
to require a vacancy of low proton affinity, as perhaps in a hydrocarbon reaction, the tetrahedral 
interstices might be blocked. Extension to amorphous catalysts is essentially simple but lack 
of data enforces again the use of approximations based on the properties of the relevant ions in 
the glasses, ion exchangers, etc. 

t of one or more vacancy nearest neighbour cations by one of higher charge 
reduces the negative potential at the vacancy and also its proton affinity. The rules affecting 
such substitutions have been noted above, and the possibilities depend on the co-ordination 
number of the site concerned. In the same way replacement of a nearest neighbour anion by 
one of lower charge also reduces the vacancy proton affinity. The same effects will occur 
regardiess of the structure containing the vacancies and permit, ideally, variation of the lattice 
proton affinity over a wide range when polarisation is taken into account; in fact geometric 
restrictions arise, as mentioned in (i) (p. 263). Hansford (loc. cit.) and more recently Weiss 
U., 1948, 2164) have used Pauling’s concept of electrostatic bond strength (see ‘‘ The Nature 
of the Chemica! Bond,"’ Cornell, 1042, p. 386) to give a qualitative account of changes in the 
lattice “ acidity,” but the picture provides no model for the active centre and could be made 
quantitative only along lines similar to those suggested above. 

Generally, increasing cation radius reduces the proton affinity at a vacancy in the pure lattice 
and may be another factor in the decline of catalytic activity of this kind as groups 2, 3, 4, and 5 
of the periodic table are ascended. 

(tii) Proton Density,-On the foregoing grounds ionic reaction mechanisms require protons. 
At low temperatures retained structural water is sufficient, but at high temperatures a partial 
pressure of water in the gaseous reactants may be required. Conversely, in hydrations in the 
liquid-phase or at high pressure, the catalyst may lose activity owing to complete hydration of 
the lattice with disappearance of all defects and change of lattice. The proton concentration 
can be raised by ion exchange with acids, by incorporating strong acids into the lattice, or by 
adding gaseous hydrogen to the reactants and a metal or semi-conductor to the solid phase. 
The last method would require a standard of control beyond that available at present. 

Poisons include all substances of high proton affinity which compete with the substrate for 
protons and yield strongly chemisorbed positive ions (Bremner, loc. cit.). In the same way, 
molecules possessing a large affinity for carbonium ions (¢.g., benzene) are catalyst poisons. 


ions and will tend to crystallise and lose hydrofluoric acid with loss of both protons and cation 
vacancies at higher temperatures. Temperature stability can be improved by addition of 
sufficient alkali-metal or alkaline-earth oxides to stabilise the network or the defective spinel 
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Analogous reasoning leads to the conclusion that, under suitable conditions, anion-defective 
lattices, or lattices able to sustain an anion defect, should catalyse processes involving anion 
intermediates. The chief difficulty is that the known anion-defective structures (see Sillen ef a/., 
loc, cit.; Zintl et al., Z. anorg. Chem., 1939, 340, 145, 150; 1939, 248, 79; Croatto ef a/., Gazzetta, 
1943, 78, 257; 1948, 76, 83, 95) are crystalline and not easily prepared with a large specific area. 


12. Concivustons. 


Ideally, the path of reaction should be predicted from the contours on an energy surface 
drawn to represent the change in total energy with variation of all the independent parameters. 
This problem is too complex to be solved at the present time, and interest has to be centred on 
the alteration of the total energy with variation in single parameters or smal! groups of 

, called factors. 

Thus we have the “ geometric factor " (Ballandin, Z. physihal. Chem., 1929, B, 2, 289; 1929, 
B, 8, 167; Acta Physicochim. U.R.S.S., 1941, 14, 223; Beeck, Review Mod. Physics, 1945, 17, 
61; also a recent review by Griffiths in Recent Advances in Catalysis,” Vol. I, p. 91, Academic 
Press, Inc., New York) and the “ electronic structure " factor (Roginsky and Schultz, Z. physihal. 
Chem., 1928, A, 138, 21; Russell, Nature, 1926, 117, 47). These factors are obviously not 
independent and, from the point of view of convenience in practical application, that one is 
preferred which shows the sharpest change with variation in catalyst activity. The 
measurements such as magnetic susceptibility, electrical conductivity and related phenomena, di- 
electric constants, etc., even when the crystal parameters are unknown or the catalyst amorphous. 

The semi-empirical theories advanced in the earlier sections have been used in our laboratories 
at Billingham since 1943 and have permitted, it is thought, a closer insight into methods of 
catalyst preparation and action than was obtainable on a purely geometric basis. These studies 
are being continued in order to strengthen the relatively weak theoretical bases, to provide a 
quantitative approach, and particularly to derive experimental support for the many deductions 
from theory. This continuation includes not only experiments in limited systems of high 
purity and exact definition, but also the amassing of empirical data over wider, more ambiguous 
systems where the pattern of results points with more generality, although less clarity, to the 
desired conclusion. 

Finally, I must thanks to associates, to Dr. J.G. M. Bremner, for 
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of vity is 
electronic properties of 


solid catalysts must be closely related to the parameters of 
(see review by Griffith, Advances in Catalysis,” 1948, vol. I, 
(Beeck, Smith, and Wheeler, Proc. Roy. Soc., A, 1940, 177, 
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(1950) 
The simple geometrical the 
; The alternative correlation o metal, ~ 
- discussed in Part I of this paper. associates the high activity of the group § with the 
holes in their 34-, 4d-, and group Ib. By the 
examination of three series of nickel-copper catalysts it been shown that the activity of the 
nickel declines in parallel with the filling of the holes in its 3¢-band by the valency electrons of 
the copper, and that this occurs while the crystal lattice is expanding slightly in the direction of 
increased activity on the simple geometric view. 
Ir seems reasonable to believe that the interatomic in the surface planes of 
molecules which react upon them 
p. 91). Beeck and his co-workers 
62) added considerable weight to 
this evidence by their work on the hydrogenation of ethylene over evaporated films of Group 8 
metals. Random films of nickel, evaporated in vacuo, had only one-fifth of the specific activity 
of oriented films evaporated in a low pressure of an inert gas. The catalytically active surface 


Group 8 (nickel, rhodium, palladium, and platinum) it corresponds with the cell dimension. 


Fis. 1. 
Actwity of metals in hydrogenation of ethylene v. crystal parameter (Beech). 


40 
Lattice distance,sn A. 


It seems probable that such spatial factors must play their part, but even if the suggested 
geometrical relations are necessary for high activity, they are certainly not sufficient. Thus 
copper, silver, and gold crystallise with a face-centred cubic lattice, and their parameters 
(Fig. 1) suggest high activities where in fact there is relatively little (copper) or practically 
none (silver and gold). Moreover it is always possible that these geometric correspondences are 
only incidental, and the prevalent tendency to hunt among the Miller indices for a plane with a 
promising spacing is viewed with suspicion. 

In Part | of this paper an attempt was made to find alternative, more fundamental 
correlations between the catalytic activity and the physical structure of solids. In the simplest 
example of hydrogenation over metallic catalysts, the activity of Group § metals is attributed 
to the unfilled electron levels in their 3d-, 4d-, and Sd-bands. The relative inactivity of copper, 
silver, and gold is thas accounted for, because in these metals those bands are filled. Moreover, 
it is to be expected that any factor which tends to fill up the d-bands in Group 8 metals will 
result in a corresponding decrease in their activity. 

It is therefore of particular interest to study the physical and catalytic properties of the 
binary alloys of Group 8 metals with one another and with the metals of Group Ib (copper, 
silver, and gold). Work on these systems is in progress in these laboratories. The 
effort is being directed to the study of spectroscopically-pure metallic foils, but results already 
obtained on industrial catalysts in the nickel-copper system support the theoretical picture 
given in Part I and are discussed below. 

Nickel and copper both crystallise with a face-centred cubic lattice; the lattice constants 
are 3517 and 3°608 a. respectively. There is a complete range of homogeneous solid solution 
in their binary alloys within which the crystal parameter varies almost linearly with the atomic 
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was composed of spire-like prominences (Beeck and Kust, U.S.P. 2,223,777), so that the films 
were porous and the total surface and activity practically proportional to the weight of the 
deposit. In the oriented deposits the 110 planes of the nickel were parallel to the backing. 
In the absence of further evidence it does not seem necessary to conclude with these authors 
that the 110 planes were therefore preferentially exposed, but unless the presence of the inert 
gas had profoundly modified the structure of the metallic deposit the activity of the nickel 
must have been affected by its crystallographic orientation. : 

Following this indication Beeck (Review Mod, Physics, 1945, 17, 61) has related the activity 
of metal catalysts in the hydrogenation of ethylene to their crystal parameters. His conclusions 
are reproduced in Fig. | where the logarithm of the reaction-velocity constant is plotted against 
the parameter of the metal. It is not always clear on what grounds this parameter has been 
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value at 50% of copper. Riendcker (see Himmler, F.1.A.T. Review of German Science, Physical 
Chemistry, 19390—46, p. 97) examined nickel-copper foils for the hydrogenation of ethylene 
and the dehydrogenation of formic acid, and reduced nickel-copper oxide for hydrogenation of 
cinnamic acid. In each case the activity-composition curve exhibited a sharp step down to 
the low activity of copper, but the positions of these steps in the two cases were widely 
different. The specific surfaces of the catalysts were not measured. 

In the present work, two types of alloy-skeletal nickel-copper catalysts have been examined 
for hydrogenation of benzene, and reduced nickel-copper oxide on kieselguhr catalysts for 
hydrogenation of styrene. The specific surfaces and the magnetic susceptibilities of the 
catalysts were determined. 

Powdered nickel-copper catalysts of the Kaney type were prepared by exhaustive 
extraction of nickel-copper—aluminium alloy powders with aqueous sodium hydroxide. The 
results of specific surface and magnetic susceptibility measurements in arbitrary units are 
summarised in Fig. 2A and 28, and their activities in the liquid-phase hydrogenation of sulphur- 
free benzene at 250 atmospheres are shown in Fig. 2C. The highly exothermal nature of the 
reaction made it impossible to determine the very high activity values for the pure nickel 
catalysts in the apparatus employed. This series of catalysts exhibited a marked fall in specific 
surface with increasing copper content until at 40°% of copper the specific surface had fallen to 
11% of the value for pure nickel. The activity at. 100°, measured per unit weight of catalyst, 
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composition (Owen and Pickup, Z. Krist., 1934, 68, 116). Beeck’s correlation suggests an 
increase in the specific activity of nickel by the inclusion of copper which expands the lattice. 
The electronic picture, on the other hand, suggests a marked fal! in the activity of the nickel as 
the valency electrons of the added copper fill the holes in its 34-band. In pure alloys at 
equilibrium these holes are just filled by the addition of about 60 atom-% of copper. The 
ferromagnetism, as measured by the large magnetic susceptibility at a fixed field strength, 
445). 
Data in the literature on the properties of nickel-copper catalysts are inadequate. Dupont 
and Piganiol (Bull. Soc. chim., 1939, (v), 6, 322) studied the influence of contamination of 
Raney nickel by copper on its activity for the hydrogenation of alloocimene; the activity per 
unit weigit of nickel decreased approximately linearly with increasing copper content to a low 
Pre. 2. = 
Properties of alloy-skeletal powder wichel-copper catalysts. ~ 
A. 
Specific surface. Magnetic susceptibility. | Activity in benzene , 
hydrogenation 
i 
% 
225° 
| 
20 
| 
| 
0 20 
| 
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Fico 3 fell at a greater rate to a negligible value at the same 
"aya thar pdrgena position. The fall in activity is thus greater than can 


Cu 


29 decreasing residual activity at the higher copper contents, 


which presumably reflects the slight incompicteness of filling 
of the d-band indicated, even in alloys at equilibrium, by 
residual ferromagnetism at copper contents higher than the 
60 atom-% where the d-band is ideally filled (Kaufmann and 
Starr, loc. cit.). A 100% copper catalyst prepared from 
spectroscopically pure metals had only one-fifth of the 
activity of that described above; this result suggests that 
an ideally pure copper catalyst would be inactive for hydro- 
genation of benzene. This conclusion is in line with the 
work of Ipatieff, Corson, and Kurbatov (J. Physical Chem., 
1939, 43, 589) and of Morris and Selwood (J. Amer. Chem. 
Soc., 1943, 65, 2245). 

Granular alloy-skeletal nickel-copper catalysts, prepared 
by surface activation of similar alloys, were tested in vapour- 
phase benzene hydrogenation at 100° at atmospheric pres- 
be sure. The results are summarised in Fig. 3. Activity fell 


Pass conversion of benzene. %. 


off rapidly as the copper content of the active nickel-copper 
layer increased from 20 to 30 atom-%,; catalysts with 40 
atom-% or more of copper were inactive. If it may be 
» 4 & foo assumed that the specific surface and magnetic properties 
Copper, atom -7%. of the activated layer on the outside of these granules 
followed the same trends as in the powdered catalysts, then 

in this case also the specific activities disappeared with the large ferro-magnetism. 
Reduced nickel-copper oxide on kieselguhr was examined in the liquid-phase hydrogenation 


Fic. 4. 
Properties of veduced-onrde michel-copper catalysts. 


A. 3. 
300 Specific surface. Magnetic susceptibility. Specific activity. 


c.g s. units per g. of meta/s. 
Mz per min. per sq. ™ of surface. 


a also that the magnetic susceptibility at a fixed field strength 
' fell to an insignificant value. Activity measurements at 
60 
| | 
| 
| 
| 
« 
€ 
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of methanolic styrene at 30° and atmospheric pressure. The specific surface and 


There is thus in all these catalysts a parallel decline in specific activity 


skeletal] surface layer on an core. 
Even the finely divided activated powders retained unextractable aluminium 
total residual aluminium in the activated 42 : 58 nickel-aluminium 
45 


Reduce The reduced-oxide nickel-copper on kieselguhr catal 
educed-o: sis. — on catalysts were 
ipitation from the mixed metallic The materials taken in each case to 
In each 
nickel and 


Speci urface.— total specific surface areas 
tal measured by argon adsorption at the temperature of 1 using 
Emmett, and Teller. The ord given ta Tobies The areas of the 
alloy-skeieta! catalysts have been recalculated to refer to the active layer on the assum: 
t the whole of the residual aluminium is present in the unaltered alloy core, and these 


260 
magnetic 
asureime su , and the 
catalytic activities per unit area of active surface in Fig. 4C. 
and magnetic 
iDulity at a strength as content of copper 1s incre . values of both 
become very small or zero at 30-40 atom-% of copper in the alloy-skeletal catalysts and at 
50—60 atom-% in the reduced oxide catalysts. The occurrence of the critical composition at 
values below the 60 atom-% which would have been expected from the properties of the pure 
alloys at equilibrium is undoubtedly caused by the complexity of these actual catalysts. Yet 
the results do show that the catalytic activity of nickel falls away in parallel with the filling of 
its d-band holes by the valency electrons of the copper, and that this occurs while the lattice is 
expanding in the direction of increased activity on the simple geometric view. 
EXPERIMENTAL. 
electrolytic copper of greater than 99- , and aluminium 6 eee: 
copper catalysts con wipe uminium 
Granules of approx. 1/8’ diameter were selected for the foraminate catalysts, and the remaining material! 
was ground to pass a 200 B.S. sieve mesh. (Alloy-skeleta) catalysts in robust granular form, prepared 
by surface extraction of alloy granules, are termed “ foraminates " in contradistinction to the Raney- 
Aluminium extraction in the latter is nearly complete.) 
alloys were prepared by Messrs. Murex Ltd., Rainham, Essex. 
For the Raney-type catalysts, amounts of powder containing 5 g. of active metais were added during 
mixture was digested for 30 minutes, the catalyst lowed to cool and settle, and the clear liquid 
decanted from the sludge. The catalyst was then re-treated by boiling for 30 minutes with a further 
re This liquor also was removed by decantation, and the catalyst washed by 
decantation ten 500-ml. portions of distilled water at 40°, three 150-ml. portions of “ refined 
every stage to prevent loss of catalyst in the decantations. activated powders were kept under 
F ~~ tal alloys by extracting the 1/8 vee 
oraminate catalysts were same ot 
the origina] aluminium was removed. The prcgress TN ne 
hydrogen evolved. The activated granules were then washed for 6 hours with cold i water at the 
in their interior, The 
only 2-4% and in the 
hy 
it was as high as 37-8%, and further extraction in molten sodium bydroxide did not greatly reduce these I 
figures. Catalysts in the middle of the series must therefore be regarded rather as knely divided 
foraminates than as Raney powders, each little particle consisting of an activated surface on an 
unaltered alloy core. The extent of extraction was, however, more than sufficient to develop the 
nitrates, and the metals salts were precipitated at room temperature by the stirred addition of a slight 
excess of solid ammonium ——_ carbonate. The products were heated for | hour at 100° with i 
stirring and then dried at 120° without filtration. The ammonium nitrate was decomposed and the : 
q basic carbonates of the metals converted into the oxides by cautious ignition in open dishes, followed by 
calcination for 4 hours at 400°. The powders were reduced for 4 hours at 500° in purified electrolyti " 
are in 2A wet te 
on foraminate catalysts, but it is probably 
in the same manner as that on the passing a B.S. mesh. 
surface of the active The area of the “ Celite 519-A used was 3-4 m.* per g., so that its 
maximum The incompleteness of 
reduction of the oxides has also been neglected in the The values are plotted in Fig. 44. 


of 
Sq ™ per s of Sq m 


Atom-% of Cu in 
m.*/g. of catalyst.* 
29 


Taare III. 
Magnetic susceptibilities (at 4000 Ocrsted) of alloy-sheletal powder catalysts. 
Magnetic in cgs. 


Ca, g. of 
atom-%. of park, layer. 
79 23 39 
95 10 
100 4 4 


IV, 
Magnetic susceptibility (at 4000 Ocrsted) of reduced-oxide catalysts. 
Magnetic susceptibility in 10 ¢.g.s. Magnetic susceptibility in 10 c.¢.s. 
units. units: 


g of reduced «. of active g. of reduced per g. of active 
catalyst = nietals, catalyst. metals. 


1280 8000 11s 740 
1140 7750 

5050 9 

400 3080 87 

345 2160 0 

1530 


Magnetic Suscept Magnetic susceptibilities were measured by a 
fixed field strength of 4000 Ocersted. The susceptibilities of the unactivated nickel-copper ini 
alloys were all very small, and they have been neglected in caiculating the values given in Table III of 
the mass susceptibility per g. of active layer. The values for the sedasel-auide catalysts are given in 
Table IV. No measurements were made on the foraminate catalysts. 

iiley-sheletal Powder Catalysts im Ligwid-phase Hydrogenation of Benzene.—Liquid- 
bydrogenation of benzene was carried out in a 250 ml. stainless steel Li y~Baskerville autoclave, 
which had been modified to prevent catalysts from being splashed into the upper parts of the stirrer 
me baniem and lagged-to give reasonable un:formity of temperature in the reaction vessel. An internal 
thermocouple was also fitted can 

Alloy-skeletal powders prepared, as already described, from 5-g. portions of alloy were 
with 75 ml. of an 1 ixture of sulphur-free b and sulphur-free cyclohexane. 


apparatus was asembied, pressure-tested under nitrogen, and heated to the reaction temperature under 
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Tasie I. 
Alloy-sheletal powder catalysts. 
Alloy composition, Residual Atom-% of Specific area. 
% by wt. alummwm, copper in 
Ni. Ca. AL % activated layer. 
42 bs 24 3 35 
lo 242 19 28 41 
w 50 33-6 38 66 13 
bu 3748 1-6 38 
2-6 476 346 41 
0 5S 45 63 loo 28 30 
Tasce I. 
catalysts. 
Analysis of material ignited at 400°. ; reduced catalyst : 
Ni, % by wt Cu, % by wt. m.*/g. of metals. 
159 oo 
16 95 278 
m4 33 19-7 go 191 
103 50 29 192 
68 42-2 43 278 
74 77 484 12 78 
68 92 555 o4 59 
10-8 67-5 49 31 
30 123 79-1 49 32 
17 139 ss3 95 61 
00 164 100-0 246 7 
* Weighed before reduction. 
Ca, perg per g. of 
atom-%. of catalyst. active layer. 
4200 4300 
1220 
3a 85 
17 43 
cu, 
atom-%, 
oo 
19-7 
we 
22 
484 


pressure, and 
and Smith, ]. Amer. Chem. Soc., 1948, 70, 3 
(2-303 (unl. per of catalyst per min.) 


remaining catalysts at 100° and 225° are given in Table V. 
~{ 


phase 
with an oo mixture of 
of 10 hr.“* over 10 of the foraminate catalyst maintained at 100°. 
The hydrogen l. per Activities were estimated in terms of the mean pass con conversion 
the benzene calculated over 2-hour runs. The results are given in Table VI and plotted in Fig. 3. 


VI. 


Vapour-phase hydrogenation of benzene over foraminate catalysts. 
Pass conversion of 22 5 2 0 


0 


in “ refined dry wae pressure 100-ml. 
immersed in a thermostat at 25°. trolytic hydrogen was farther peridied by 
; its rate of absorption in ~ py pA 


(at 20°/760 ) absorbed 
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6 atm. of (measured at 20°). The was levelled out with the stirrer in 1 
by the decreasing ae im terms of the 
true rate constants (Fu 
where V volume (ml. P, = initial hydrogen 
pressure (atm.), and P = hydrogen pressure (atm.) after time / (min.) 
With pure nickel, and the 19 atom-% copper catalyst at the higher temperature, the rate of reaction 
was so high that the tem 
unreliable. Results for te 
have been plotted in Fig. 2 
spectroscopic purity was 
Taste 
Liquid-phase hydrogenation of benzene over alloy-sheletal powders. 
in activated Reaction velocity constants in activated Reaction velocity constants 
ie. atom-%. at 100°. at 225°. atom-%. at 100°. at 225°. 
19 1-12 0-00 045 
3a 0-05 1-17 100 0-00 
58 0-05 1-12 
7” 0-00 0-73 - 100 (Spect. pure) 0-00 0-04 
7? 100 
0 0 
{ redistilled 
= glass shaker 
ty 
activ a 
film tration and 
approximately proportional to the weight of the catalyst 
carrying inlet and outlet gas for catalyst reduction. of supported oxide 
eS vessel on its side, spread over the wall, and reduced for 4 hours at 500°, 
The catalyst was cooled under hydrogen, immersed in acceptor solution, and transferred in the reactor 
evacuated, and hydrogen admitted. The reaction mixture was then allowed to warm to 25° in a 
thermostat, and vigorously agitated bv a Microid shaker. 
The results are given in Table VII. The activities are recorded first as mil. of er 7 _ 
ll. The latter results are plotted in Fig. 4C. 
Taste 
Liguid-phase hydrogenation of styrene over reduced-oxide catalysts. 
Catalytic activity in ml. of Catalytic activity in ml. of 
absorbed per min. absorbed per min. 
in reduced g. of . m. of in reduced g. of .m. of 
00 1730 95 42-2 235 OM 
95 1170 42 484 0-006 
19-7 790 41 55-5, 67-5, 7-1, 00 0-000 
30-9 46 es 88-3, 100-0 
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58. The Heats of Hydrolysis of the Chloro-substituted Acetyl 
Chlorides. 


By H. O, Perrcuarp and H. A. Sxinwer. 


From measurements of the heats of h is of CHyCOC!, -COCI, and 
COLyCOC in (keals. mole) were for 
the feapective heats of formation (Qs) of the Liquids at room temperature : 66-2, 70-1, 68-7, 


In an earlier communication, Carson and Skinner (/., 1949, 936) reported some new measure- 
ments on the heats of hydrolysis of the acetyl halides. The present work is an extension of 
these studies to mono-, di-, and tri-chloroacetyl chlorides. Only one reference exists in the 
literature to previous measurements on the heats of hydrolysis of this group of compounds, in 
which Rivals (Ann. Chim. Phys., 1897, 7, 541) quoted values for the hydrolysis heats of mono- 
and tri-chloroacety! chloride, The heat of hydrolysis of dichloroacetyl chloride does not seem 
to have been measured before. 

Whereas acety! chloride reacts very rapidly with water at room temperature, the chloro- 
substituted acety! chlorides hydrolyse slowly, owing to their slow rate of dissolution in water. 
In aqueous acetone, on the other hand, the compounds hydrolyse quite rapidly, and we have 
found it convenient to use an aqueous acetone solvent in most of the present investigations. 


EXPERIMENTAL. 


ta Fentke packed columas’ bp 106-4 maak The prodect careful 
fractionation in a F ¢ packed column; b. p. 105-4-—105-5°/763 The 


purified by bulb-to-bulb distillation in a vacuum, and the pure were and sealed in 


wasa B.D.H. in an exactly analogous manner; b. p. 107-0— 
107-4°/761 mm. The purified found on poo be to contain a small amount 
(0-03%) of sulphur (presumably from the Armee" chloride used in its preparation). As a check on the 
results obtained with the commercial sample, a further sample of dichloroacety! chloride —_ 

from dichloroacetic acid and benzoyl chloride (Brown, /. Amer. Chem. Soc., 1938, 60, 1325), and caref: 
purified by fractionation in a Fenske column operating ata high reflux ratio; b. p. 107-7—107-8° {767 mm. 

Trichloroacety! chloride was prepared according to Leimu’s method (Ber., 1937, 70, 1040) by the action 
of thiony! chloride on trichloroacetic acid in benzene solution. The crude product was fractionated in a 
Fenske column, and later distilled m vacuo and sealed in weighed glass ampoules. 

Calorimeter.——The reactions were carried out by breaking thin glass ampoules containing a known 
amount of the acid chloride into a large excess of water, or aqueous acetone. The reaction vessel was a 
silvered Dewar flask (1 1. capacity), with a single narrow neck (1) diameter). The neck was closed with 
a polystyrene sto: which, in turn, was covered heavy close-fitting brass cap. A glass 

Her stirrer (100 r.p.m.) fitted centrally through cap and stopper. additional holes throug 
the stopper carried an electrical heater (for calibration purposes), and the resistance thermometer and 
ircular brass plate, supported by two thin brass rods from ke under side of the polystyrene 
stopper. served as a bottom bearing for the stirrer, and also for breaking oe ampoules which could 
be depressed at any desired moment on oc cate elamenes uote the plate. All the metal 
parts inside the calorimeter were rhodium-plated. 

The Dewar vessel] was submerged and supported in an accuratedly thermostated oil-bath, which, 
together with all the accompanying electrical a apparatus, was kept in a thermostated room. The 
thermostat bath was a rectangular ¢ tank (15° « 12”) fitted to a depth of 12’ with white mineral 
oil. The bath was heated with mat heaters mounted about }’ off the bottom, and was efficiently 
stirred by a 10° four-bladed lier driven by a flexible drive from outside the bath. The temperature 
control was maintained at 21° by a tolmene regulator (extending through the Sath). A Gouy head 
(Sligh, Amer. Chem. Soc., 1920, 42, GO) was used with the toluene — The whole calorimeter 
assembly was essentially a modification of that used by Williams (ibid, 1942, 64, 1395) 

The calibration heater was layer wound from SW.G A eda ‘Eureka wire on a 3-mm. 

ebonite rod to form an element 25 mm. in length (resistance 65). The heater was impregnated with 
cellulose acetate and encased in a platinum cylinder sealed to the end of a glass tube. 

The resistance thermometer was a ‘ Stantel"’ Thermistor (F 2311 /300), and was carefully and rigidly 
mounted inside a thio glass tube, so that the tip was protected from external shock or pressure changes 
a and Handley, /. Set. Jmstr., 1948, 26, 434). Its resistance was measured to 0-05 0 on a 

bridge glazed bridge in conjunction with a short-period reflecting galvanometer. The sensitivity 
of the resistance measurement is limited by the maximum continuous current rating of the thermistor : 
for the purpose of temperature measurement, this should not exceed 0-4 milliamp. sensitivity under 
these conditions, with an optical lever of | metre, isca. 1 Qi/cm. 

Over small ranges of temperature, the t t eS ee 
T A log (Becker, Green, and Pearson, Trans. Amer. Inst. Elect. E 
ee a the thermistor (i.¢., X, and Ry over t © course of an experiment, the 
heat change (Q) can be obtained from Q «= K log R,/Ry, where K is a constant that includes the water 
——- system and the thermistor constant A. The constant K can be determined by 

amount of electrical energy through the calibration heater (¢.g., see McInnes and 
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J. Amer. Chem. Soc., 1917, 9, 2110) so as to obtain a change in the thermistor resistance comparable with 
that observed in an average experiment. 

——- _— t, so that we were able to measure changes to 

the 


of time, and can successtully 1 a Beckmann thermometer 
instrument, hat dus eave in the clement tose 
strain. 


Heats of Hydrolysis —-The preliminary investigation were carried out on chloroacety! chloride, which 
is representative of a number of acid chlorides that react with water at room temperature. 
Ampoules containing about 3 g. of the acid chloride were broken u 750 c.c. of water, The hydrolysis 

is dificult, we sought to attain a faster reaction sqanbekenenes of 
pe solution as the hydrolysing agent (see Rivals, loc. but 


medium, the rate o reaction was much increased, and the reaction times were reduced to 10 minutes 
with a solvent medium of 150 c.c. of acetone in 600 c.c. of water. The heats of hydrol observed in 
this solvent (Qu.) are convertible into hydrolysis heats in a purely aqueous medium ( 

smal] corrections for the difference in the heats of solution of the reaction products in t 

These solution heat corrections (amounting to about | kcal. mole“) were measured as requ 


{lig 
CH,CI-CO,H (erys.1) 
(liq.) 
(iq.) 


Chloroacety! Chloride —The results obtained trom five 
in water are given in Table I(¢), and from six experiments in equeses tn Table 
The calculated values for (y ( “COCI, liq.) given in the final columns of these tables are derived from 
the equation 
= HCL, aq.) + aq.) ~ Hy, liq.) — Qua. 
Standards, 


Washington, U. 
values found for QyCHCI-COCL, liq.) in Wa) and agro with each other, due 


Tasze I. 
Heat of hydrolysis of CH,Cl-COCI. 
Wt. R-COCI 


R, (ohms). R; (ohms). 


R-COC] + 1470H,0 
R-COCI + 1510H,0 


+ (1280H,0, 
R-COCI + (1190H,0, 
R-COCI + (1320H,0, 
80COMe,) 
— + (1220H,0, 
R-COC) + (1270H,0, 


T 


- 
+ 35COMe,) 0-42 
100H,O —3-30 
+ 
+ 65COMe,) tits 
1700) 
a + 80COMe,) +170 
Reaction keal. 
Expt. mixture. (g.). keals. = 
(a) Hydrolysis in water. 
1 R-COC!] + 1300H,O 38-6086 1739-5 1678-6 22-56 69-01 
2 R-COCI + 1620H,0 3.0950 1720-4 1677-46 22-44 70-04 
3 R-COC!] + 1590H,O 20464 1718-7 1669-3, 22-50 69-80 
4 3-1982 1736-1 1681-0 22-62 69 86 
Mean values 22-59 69-89 
(b) Hydrolysis im aqueous acetone. 
1 2-933! 1707-8 1658-5 21-40 22-35 70-12 
2 3-1746 1745-0 1690-6 21-42 22-37 70-10 
3 28558 1743-5 1694-4 21-48 22-43 70-05 
4 3-0843 1725-7 1673-46 21-34 22-3) 17 
5 205846 1742-7 1692-1 21-41 22-36 70-10 
6 2-3058 17441 1706-8 21-35 22-30 70-19 
Mean values 21-40 22-36 70-12 
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26-83 heals. 


R-COC] + (1150H,0, 
RCOC] + 

+ T6COMey 
R-COC! + 76COMey) 1700-0, 
R-COCI + (1265H,0, 77COMe, 1604-5 


Mean values 24-86 


Trichloroacetyl chloride im aqueous acetone, 
Wt. R-COC! R Ry 
Reaction mixture. (gs.) (ohms). (ohms). 
R-COC] + (1400H,0, 4-3432 


R-COC] + (1300H,0, 70COMe 46746 
R-COC!] + (1300H,O, 70COMe, 46771 
R-COC] + (1276H,0, 47666 
R-COCI + (1225H,0, 7 


S$ 


R-COC] + 1410H,8 
R-COC] + 1380H,0 
R-COC] + 1225H,0 
R-COC] + 1290H,0 
R-COC) + 1310H,0 
R-COC] + 1280H,O 


(b) Acetyl chloride im aqueous acetone. 
R-COC! + (1060H,0, 65COMe,) 2-4652 17592 1698-3 
R-COC! + (930H,O, 57COMe,) 2.8086 1757-5 1688-5 
R-COC! + (1040H,0, 63COMe,) 2-5104 1758-5 1696-6 


Mean values 21-31 


Acetyl Chloride.—-As a check on the thermochemical method, we have remeasured the heat of 
hydrolysis of acetyl chloride, (4) in water and (6) in the aqueous-acetone solvent. As in the case of 
chloroacety! chloride, the hydrolysis heat measured in the aqueous acetone (Q.4,) was smaller than that 
measured in the purely aqueous solution (Q,,). After the necessary solution heat corrections had been 
made to Que, the derived Q,, values agreed more or less exactly with one another. The results are 
summarised in Tables and (1V()). Compared with the given earlier for acetyl chloride by 
Carson and Skinner (Joe. ctt.), there is a close correspondence in the observed heats of a but an 
apparent discrepancy in the values given for Ke H,COCI, liq). Part of the reason for this discrepancy 
ties in our use in this paper of the O,(CH,-CO,H, aq.) values recently recommended by the Bureau of 
Standards, Washington, but the main point of difference rests in an incorrect assumption by Carson and 
Skinner of a negligible heat of mixing of the —— hydrochloric and acetic acids in their experiments. 
We have since recalculated Q)(CH,-COCI, liq.) from the earlier data, making due allowance for the small 
mixing terms, and obtain liq.) 660 + 0-20 kcals. mole". The agreement between the 
experimental error (ca. + 0-2 kcal.) of the two 

vestigations 


( ~The hydratysis of dichioroacety! chioride was studied in the aqueous acetone 
mixture, in which solvent the rate of hycirolysis is rapid, requiring about 10 minutes. Results from 
he purtiied commercial 
(Jes. est.) 
acetone 
solvent, and, as previously, reaction times of cs. 10 minutes were found. The results are given 
in Table Lil. 
Tastes Il, 
Dichloroacetyi chloride im aqueous acetone. 
Ry 
Expt. 
i 2480 25-67 G78 
2 2485 425-72 8668-75 
3 24-74 2561 68-86 
2970 25-8468 63 
24840 25-71 68-76 
6 24030 «625-80 68-68 
Expt. 
1 28:10 68-84 
28-05 68-87 
3 23-20 
5 1754-4 1687-0 26-22 68-69 
Mean values 28-12 8668-80 
Tasis IV, 
we RCOCL R; Or 
Expt. Reaction mixtere. nob). (kcals.). 
(a) Acetyl chloride im water. 
1 2-3207 1762-0 1705-8 22:17 66-15 
2 23749 1760-6 1703-7 21% 66-36 
3 2.6734 1762-2 1697-3 -- 2228 6603 
4 2.5501 1762-4 1701-6 21-86 
5 2.5025 1756-5 1696-4 2209 66-22 
6 20624 1747-4 1686-6 21-04 
Mean values 22-06 66-26 
1 21-34 2208 66-22 
2 21-28 2202 66-28 
3 2130 «2204 8666-26 
225 
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Discussion. 
The results of the present investigation are summarised in the Q, values listed below : 


The (2), (gas) values are subject to some uncertainty, as data are not available for the heats 
We have estimated the values by 
Trouton's rule, assuming the same value for Trouton’s constant as obtains in acety! chloride 
(Mathews and Fehlandt, J. Amer. Chem. Soc., 1931, $8, 3212), wiz., (CH COC!) = 68 
keals. mole~'. 

from the successive replacement of each hydrogen atom in CH,°COCI by chlorine atoms, and 
the observed fallin Qrin passing along the series CH,CIOOCI CHcly-COCl 
(AQ, values are negative). The increase in Or (CH,Cr-COC)) relative to Q, might be 

examples of chlorine substitution for which 


On the other hand, the negative values of AQ, in passing from CH,CI-COC! to CHC1,-COCI, 
and from CHC1,-COCI to CCl,-COCI, are perhaps surprising. In the case of, ¢.g., the chloroacetic 
acids, the AQ, (liq.) values, although small, remain positive : 


CH,CO,H (liq) 

(liq) 

(liq) 120 

(1iq.) 121 
but it may be that a genuine negative trend in AQ, is masked by using the Q, (liq.) values in 
place of Q;(gas). At present, the negative AQ,'s of the chloroacety! chlorides are unique among 
the rather scanty thermochemica! data on chloro-substituted compounds, It should be borne 
in mind, however, that the Q, values of the chloroacety! chlorides depend on the values we have 
accepted for the heats of formation of the chloroacetic acids. 

There is some independent evidence that the substitution of a second and a third chlorine 
atom into a methyl group leads to a smaller increment in Q, than that brought about the 
substitution of the first chlorine atom : ¢.g., 

CH,CH, 20- 
cCHyCH,C! 25- 
CHyCHCl, 


Recently, Lacher, McKinley, Walden, Lea, and Park (J. Amer. Chem. Soc., 1949, 71, 1334) have 
given values for the heats of chiorination of a number of fluoro- and fluoro-chloro-substit uted 


+ Ch, —> + 49-60 keals. 

CF ECF, + —> CFCICF,Cl + 57-32 keals. 

CFECCh + Ch —> CF,CHCCL, + 41-08 keals, 
The data suggest that the C-Cl bonds in the groupings ~CF,-Cl, -CH,-Cl, and -CC1,-C! are 
equal in strength, but vary in the order -CF,-C] > -CH,;-C! > -CCl-Cl. This is 


ible with (but not proof of) decreasing AQ, with increasing chlorine substitution on the 
carbon atom. 


+32 
+06 
+12 


+40 
+30 


available ¢.g., 
~~, 
same 
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Relatively little is known of the heats of formation of the chloro-acetaldehydes, 

an analogous group of compounds to the chioroacety! chlorides. The increment in Q, in passing 
from CHyCHO to CClyCHO, is, however, quite small (AQ; = 33 keals.). The corresponding 
increment in the series of acety! chlorides, viz., SS 
that the replacement of ~CHO by ~CCIO gives rise to a more powerful steric repulsion between 
the relatively bulky chlorine atoms of the groups CCl, and CCIO, than exists between the 
groups CCl, and CHO. It would be useful to have further data, particularly on the bromo- 
acety! halides, which should reveal steric repulsion effects in a more pronounced manner, if 
they indeed represent an important factor. 

authors express their thanks to Professor M. G. Evans for his interest in this work, and one of 
(1 F Department of ond tors allowance. 
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59. The Dielectric Polarisation of Gaseous Sulphur Dioxide. 
By R. J. W. Le Paves, I. G. Ross, and B. M. Swvrue. 


‘bee, 
electronic polarisation). 


now to be described was undertaken for two reasons: (a) because sulphur dioxide, 
ving a negative Kerr constant, seemed an attractive 
rules “ for the variation of apparent dipole moment 
state (cf. Le Févre and Russell, Tvans. Faraday Soc., 1947, 48, 374, and following paper), 
(6) because a need was felt, during day-to-day observations of dielectric constant (c) on 
. for a reference compound having a higher value of ¢ than that of carbon dioxide, the 
material previously used (idem, loc. cit.). The remainder of this communication deals with point 


(0). 
Sulphur dioxide, being readily available and easy to handle and purify, was an obvious 
choice as the desired secondary standard. Its earlier examination by Jona (Physital. Z., 1919, 
20, 14) and Zahn (Physical Rev., 1926, 27, 455) suggested that it would have advantages over 
carbon dioxide in that, for it, « — 1 is about nine times as great, at room temperature. Conse- 
quently the change of capacity (i.¢., the quantity actually measured) following the introduction 
of a condenser would be ten times that produced by carbon 


Our plan, accordingly, has been to make a careful comparison of sulphur dioxide with 
carbon dioxide, using for the latter the dielectric constant of 1000005 at 25° and 760 mm. 
(corresponding to a temperature-invariant polarisation of 7°341 c.c.) adopted by Le Févre and 
Russell (Joc, 


APPARATUS. 


Le Pévre and Russell (lec. et.) had nouneontes the eable cogemty (gas cell) into the circuit 
of a dynatron oscillator, the signal from h was up in an adjacent wavemeter. Very little 
of their orginal apparatus, ety being available in Sydney, it became necessary to rebuild de novo. 
Certain facts then emerged whic h caused us to discard the dynatron. Since this generator is still 
recommended in the second edition of" “ae Moments " (Methuen, 1948) we wish to state briefly our 
reasons for the change. («) The from the plates of modern valves is less easy to 
induce than was the case with those commercially obtainable eleven we observed this 
emptrically cupusbous and later learned that changes in manufacture and 
directed to this end (private communication from Messrs. Amalgamated Wireless, Australia Ltd.) 
Supposedly identical valves can have secondary-emission characteristics which vary over wide limits. 

Samples which are closely uniform when used as amplifiers eg! marked disparity in dynatron 
The dynatron effect is more or less accidental, and 

. Wireless Eng. and Expt. Wireless, 1933, 10, 527). We found unexpected) 
uctance | capacity ratios were limited by the fact that oscillations ceased when — nen JGR was 

made less than ( (R = resistance in the tank circuit, R, = effective negative resistance 
valve, cf. Brunetti, . Inst. Radio 1937, 25, 1595) ; “ust 


dioxide under equivalent conditions. As calibrating materials, therefore, these two gases 
should lead to accuracies, other things being equal, in much the same ratio. 
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@vemetes 
A (cf. Witt and 
components are as alves V,, 


Fie. 1. 
AT+ 


(16 gauge) are separated 
(each 10 cm. 


any factor tending to diminish the capacity of the gas cell would obviously react similarly upon the 
accuracy of our readings. 

An experimental survey of other arrangements was therefore undertaken. These included 
yariants of the heterodyne-beat method involving aither audible we 
carrier waves! in. pairs, of singly against the mains or the 
@ great increase of complexity (compare circuit diagram of Stranathan, Rev. Sei. Jnsir., | a 

Eventually we adopted a type, and (8) transconductance 
generator, both using power supplies cach with an attendant 
Savemeter containing @ quarts resonator, have formed the basis of two apparatus, built and operated 
separately and independently (by 1.G. R. and B. M.S. ). They will now be described seriatim. 

(see Fig. The lay-out comprises a Franklin oscillator 
coupled to a wevemeter -_ The specifications of the circuit 
¥,: Radiotron Capacitors: C,, gas cell (described 
C, and C, should be equal and as as possible, compa ™* 
equate strength——7pr Cy, 0-001 pr. ; C,, split-stator 
condenser, maximum capacitance 150 pr. Resistors : R,, Ry, R,, Ry, all 50,000 ohms; Ry, 20,000 ohms. 
a 
2 (e) 
344s 
| Cg 
| (A) (B) 
R,, 1000-ohms tiometer. Inductances : L,, 90 turns 20 S.W.G. cotton-covered copper wire wound 
on a hexagonal bakelite former, If” diameter, the whole vested wire wound 
similar former ; ‘+ coupling coil, consisting of a single turn of stiff tinned copper wire, and located 
immediately above L,, Dy Ameigamnted 1000 
kc. /s. (supplied in mount by Amalgamated A Ltd); G, 
sensitivity 1100 mm./microamp. at | m. The two circuits are built on separate steel chassis. Co Co 
and C, are connected to the chassis by short lengths of coaxial cable. 
c rectangular spacers, 12 in all, . 
them; the H.T. lead is led out, from the middle linder (9 cm. long), through a hole in'the ring whee 4 
The cell is sealed into an annular” Pyrex” glass cylindrical vessel, provided mitt 

‘ The leads are of 26 S.W.G. platinum wire, and penetrate the top of the vessel to the lower ende 
glass tubes, into which dip the connections to the oscillator. to 
conney pr. high-tension electrode is shielded by a brass foil wrapping ( > 

cell is located by a brass-rod scaffolding in an oil-thermostat. The temperature is read from a 
calibrated thermometer placed in a symmetrical position to the cell with respect to the heaters and stirres. 
The electrical va cally the cell and precision condenser, 
box, lined with sheet zinc (earthed) for shielding. No thermostatic 

Precision Variable Condenser—The design of the precision condenser is substantially the same as that 

° eons & SSS The steps have diameters of 3 cm. and 2-45 cm., the cylinder around them is 20 cm. 
ny tw 2-375 cm. inner radius. The working range is § pr. traversed in 160 turns; each division 
(1/100th tara) then corresponds to 0-0005 pe. The limit of reading (set by the response of G) is one-half 

Performance of Osciliator.— frequency stability of the oscillator was beyond expectations. After 


, 2063) for several sioypler oscillators 
raed fo in view of his tacit neglect of 


oximatety the 
extent that tifa ble 
alone, viz. 1 jac, which is influenced by changes of Z. 


Te 


With major (en olthes of which 
crevasses, all excessively sharp and narrow, and too sensitive 
The about 60 the galvanometer used 
maximum current in the wavemeter is t 60 microamps. or 
Coartal Cable E has Ghat connected to the 
chasets by coaxial The important observation was made that the 
if the length of cable connecting eee 
tank) to the rest of the cirewit 1s doubled, the amplitude of the decreased by 30) 
The effect of changing the lengths of cable to the smaller 
connection of, say, one metre of uwaterminated 
significant effect on the amplitude 
These conskierations have a om the design of the whole 
sensitivity it is necessary that the osc should be located as near as 
Tt is not known whether they bave been aoted with other oscillators. 
‘The most obviogs suggestion is that power dismpation in the cable causes the drop in si 
as the across the end of the cable is increased, so also the admittance of the 
ase increases, and consequently also the power dissipated. It is uncertain just how 
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it had run for « fortnight, it was determined that, with C, at room temperature, under 
Performance of this kind is remarkable It would be of interest to obtain an explicit expression for 
sources of frequency drift could be accounted for SS eae 
this particular oscillator have been virtually neglected in the literature saamenes Seay Kirchhoft's 
laws to the equivalent circuit of the ovcillater, along the lines followed by L yn lust. Radio 
Eug., 1931, is Ived 
ent, hase changes in t 
observed stabi between the tank and the 
rest of the ct itative arm, C, of which is 
shunted by (4) one of the coupling condensers. C, or C, and (6) the other cowpling condenser (C, and C 
may be consitered as 
thecirenit. Then, tot 
Fic. 2. 
and splash-trap 
| 
U 
~ | 
| 
— 
A B | A trap re 
Glass woo! G Capillary 
M2 M3 
CaCl, Glass woo/ 
d-way Mot wire wind: 
ther ~O- = Shown this, 
Resonance Caree.—The form of the resonance curve is not that shown in the paper of Le Févre and 
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refitted. cm.) are no significant 


and Larrick, Trans. Amer. J 

the impedance of «cable of thew 

is found to be 1-4—277j ohms, 

oft connection 

drying Ot E is removable, (B,D) i 
distillation over having been found the moat elective metho 


system we the in the trap bumpe while balling Whe 
after 


of the downpipes of of the 
is a U-tube manometer 


and before to the 
Procedure The oscillator and thermostat are allowed to run for about } hour to attain 


takes 
Negatwe ramsconductance ( 
vanable 


thermostat, and gas supply arrangements are substantially the same as those of 


of this are shown as 4 It, as also that of 1.G.R., utilises a 
described by Watson, Rao, and (Pros. Roy. Soe., 1934, 148, 


t losses in high-quality are, 
Teloon bi cable, solid copper core (0-035’’ diam), with braided outer conductor (0-25” diam.). 
The dielectric is a polythene-polyviny! ester mixture, = 2-3, resistivity 10" chm power factor 
0-0003. The characteristic impedance, Z,. is 70 ohms (modulus) 
») blocked, the traps are cut , 
Fis. 3. 
10.0002 
WP? 30 2u. 
(A) +138 (B) 
135 2v. 
The various connections to manometers enable a check to be kept on the 
apparatus while distillation is in progress—a necessary when 
traps occurs, be of back-pressures distillation. 
for working at ive pressures, is equipped with a trap. 
The system to the right of M, is the device used by Groves and Sugden (/., 1934, 1004; 1039, 1144, 
1147). (Although not needed for sulphur dioxide, it was introduced during construction to allow higher- 
are dried 
Ready 
and for which the galvanometer deflection is about | cm. per condenser scale-division, are used as reference 
points. Apart from the fact that during the taking of readings the heaters and stirrer in the thermostat 
are ce of operations is similar to that 
utes to perform. 
f 
ind turns No bo guage tinned 
ype of ca. 100 pr, used to set the by 
he plate current of the wavemeter ; a 
is on the crevasse, and fine tuning then possible with t indenser C,). 
during a series of measurements. Resistors and other capac pecifed on Fig. 3. The wavemeter 
an insulated box to maintain fairly constant ambient temperatures around the components and to 
prevent radiation from the heated thermostat standing alongade. 
Dat L.G.R., consisting of two brass tubes 9-5 cm. long, the 
inner of which (diameter, 5-1 cm.) is moun concentrically with the outer (diameter 5-4 cm.). Six 
“ Pyrex ee inserted under slight tension, prevent movement of the two cylinders. The 
assembly is into an annular” Pyrex” 
LG.R. above. 
The Precinon Condenser, 
“ stepped-rod "’ on the 


Le Feore, Ross, and Smythe : 


, but with an altered design to amore method of 


.—-Routine procedure is as follows. The thermostat is set at the desired temperature and 

left for 12 hours during which the room reaches steady conditions (some radiation from the thermostat 
prevented). The oscillator etc. is then started and allowed to run for 5 hours at the frequency 
Meanwhile sulphur dioxide is collected in the apparatus. A series of readings at varying 

1216 pressures at a particular temperature, requiring some 2—3 hours) may now 

Fgndn pow ~ the precision condenser is adjusted until zero current flows through 


gal 

to pass from the first point on the current-capacity crevasse to that which is exactly opposite. 

is recorded, and capacity readings are taken as before. The cell is lastly evacuated, 

ad after 3 minetes a Anal est of readings mata . These timings are important if the mean of the two 

vacuum readings is to be the “ true This is so, 

tince a slow drift in frequency cannot be entirely avoided. Providing, however, this is regular over 

9 minutes (the period between two vacuum readings) it need not impair the measurements. 


Resvu ts. 


The results are recorded as described by Le Févre and Russell (/oc. cat. ; wed ah pthar nm 
set). The method used in a relative one, requiring preknowledge only of the polarisation of the 
standard gas (carbon dioxide in the present work). In what follows 3C is the difference between 
drum and scale readings of the precision variable condenser when the cell is filled to a measured 

, and the mean of the two “ vacuum " readings taken before and after that particular 
“ vapour ” reading ; f is the pressure in cm. 

Values of 8C/p for each temperature are first plotted against pressure. A curved graph at 
this stage would suggest deviations from ideality of the gas, and/or to surface adsorption (Zahn, 
Physical Rev., 1926, 27, 320); however, in the case of carbon dioxide no such deviation occurs. 
We therefore take as the limiting value of 8C/p at zero pressure the arithmetic mean of the 
observed 8C /p readings. 

Evidently the compressibility of carbon dioxide may be ignored. The measurement of 
pressure is actually used as an indirect measurement of the density of the gas, the underlying 
assumption being that 8C (which is proportional to the change in dielectric constant) should be 
proportional to the number of molecules present per c.c., i.¢., to the density. For an ideal gas 
the density is proportional to the pressure, and 8C = 4.p. For a real gas we must substitute 
for p, the observed pressure, the “ ideal pressure,” p,, that it would exert if Boyle's law were 
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568) of the 
polystyrene is as efhcient as 
( h two graphite-lubricated bearings (B) 
ont 
and is ground true with the threaded sleeve of the rod. total capacity of condenser is ca. 3)— 
40 py. and the variable range 4 
A marving pointer slides agalnet a linear scale indicating mambers of turns, while the rotating head 
(marked in hundredths) gives fractions of turns; readings are always taken in the same direction to avoid 
errors due to backlash. Each condenser shows satisfactory “ straight-line " properties, confirmed by the 
fact that readings of capacity differences for a particular pressure of carbon dioxide at the same temperature 
are the same at any ton the scale. In practice most readings are taken over the middie of the 
Fis. 4. 
Precision variable condenser. 
Greduated 
6 
Wooden 
base | 
Stepped Srass outer 26 
brass rod cylinder [Graduated scale 
(revolution counter) 
for pointer 
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observed, i¢., = — Ap), where A is the compressibility; hence 8C/p 
— Ap). 
This is a non-linear relation. Yet in the case of carbon dioxide, a linear graph, parallel to the 
f axis, is obtained. One can conclude therefore that for this substance compressibility consider- 
ations are unimportant. Direct experiments (Cawood and Patterson, ]., 1932, 2180; cf. Moles, 
Toral, and Escribano, Trans. Faraday Soc., 1939, 86, 1439) have shown very low A values, ¢.g., 
000653 at 21°, 0:0048 at 31° (where p is measured in metres of mercury). From these, even at 
room temperatures, the correction to 8C/p would amount only to + 4% at 50 cm. 
With sulphur dioxide below 100° the graphs ave curved. They were 
to zero pressure, when, as may be seen from the equation above, pa hesite > 
8C/p,. (For sulphur dioxide the compressibilities are 0-0165 at 30°, 0°0132 at 50°, corresponding 
in the first instance to a correction of + 8% at 50 cm.) This extrapolation covers effects due to 
i for part of the compressi- 
, 1944, 198, 4, 162) find, from measurements of 


(SO,), to be given by log K, = —8200/4°573T + 8°70. At 40° and 1 atmosphere the partial 
pressure of (SO,), is thus only 1°14 cm., or 1°5% of the total pressure, This contribution tends, 
of course, to zero at p ——> 0. 

Table I refers to carbon dioxide. To the “ observed" figures in the third column the 
linear relation between *’ = (8C /pP)y_,. and 1/T is fitted by the method of least squares. For 
the apparatus of I.G. R. we have 2° = 0°3308 + 2083°6/T, while for that of B. M. S,, 2° = 


temperature. 
the number of observations made at each temperature. 


Taste |. 


15) 
9 
6 
7 
13 
12 
18 
on 


at zero pressure (where « + 2 = 3) the Clausius~Mosotti 


ae 
00413 + 1408°1/T. The fourth column contains * appropriately recalculated for each 
f Tange No. of 
T (*x). Apparatus in cm. observations. 
291-4 LG. R. 747 748 15—69 
3178 691 6-89 20-66 16 
349-0 ae 6-38 630 20—93 13 
375-1 a 5-15 5-89 21—67 10 
437-5 510 21-66 18 
289-3 B. M.S. 492 491 20—71 9 
3145 451 452 23-73 12 
351-2 4-07 4-06 39°71 
357-3 pa 3-99 3-98 2276 
373-0 3-77 3-82 2161 5 
401-5 3-60 3-55 39-70 10 
429-0 3-31 3-32 56—74 9 
456-5 313 S14 37-75 lo 
Taste Il. 
Polarisation of sulphur dioxide. 
hy No. of 
T(x). Apparatus. P. Pum. Pam cm observations. 
207-2 65-2 65-99 65-86 65-30 13-46 15 
340-1 50-7 58-36 58:90 58-43 23-53 
349-0 486 57-32 57-76 57-22 20465 10 
351-0 56-92 57-50 56-96 20 65 7 
381-4 419 53-74 53-82 53-29 20—47 il 
408-5 3-73 51-04 5100 50-48 20—65 ll 
(437-0 3-17 46-27 58-41 47-89 20. - 66 
296-2 B.M.S. 42-5 65-10 65-26 65-48 19-66 
306-2 63-22 63-48 63-70 19 69 
307-3 39-9 63-39 63-29 63-51 20-42 
343-5 32-9 58-27 57-75 57-06 63 
382-5 os 26-9 53-10 62-95 53-16 20-71 
006-5 240 50-27 50-46 50-67 21-45 
440-5 20-9 47% 47:39 47-00 24—70 
444-0 os 20-6 47-02 47-10 47-31 471 
gas, we note <xpressicn becomes 
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P om Where vis the volume occupied by one mole of gas. But in this limit 
(PP)p-pe ™ Pele (in the nomenclature above) « v, the molar volume of a perfect gas at one 
atmosphere. This is a general relation for al! gases, K being a constant throughout. Therefore, 
if we pot (8C/p),.,.4 for carbon dioxide = 2’, and for sulphur dioxide = s, then Pag, = 
peper) 

The values thus determined for 49, are plotted against 1/7, and straight lines again fitted by 
the method of least squares. The results are shown in Table LI. 

Fig. 5 shows the observed polarisations (column 4 of Table IJ) superimposed on the graph 
of P = 10°91 + 16164/T (column 6 of Table 11). Column 5 of Table LI gives the polarisations 
calculated from each set of data separately by the equations: P = 11°31 + 16213/T7 (1.G. R.) 
and P = 10°72 + 16165/T (B. M. S.). The incompicte agreement seems to be connected 


by the scatter of 8C/p for a particular gas at a 
given temperature. In the above determinations 
the estimated order of accuracy is about +-1% for 
carbon dioxide. For sulphur dioxide, with 8C/p 
is ca, +02%, not +01% as might be expected. 


necessarily have a very slight longitudinal play (to 
enable screw action to take place at all), quite 
apart from any deviations from linearity in capacit- 
ance, and to actual mechanical changes 

by rotating their drumheads upwards of 50 times 
between vacuum and gas readings. 

The expressions just written for P should be 
compared with 10°64 + 16100/T, computed by us 
from data recorded by Zahn (Physical Rev., 1926, 
27, 455). Earlier papers by Badeker, Klementic, 
and Verain (references and summaries in “ Inter- 
national Critical Tables," Vol. VI, p. 74) give 
diclectric-constant estimations at too few set tem- 
peratures and pressures to permite valuation of the 
constants A and B in the Debye equation. Jona 
(Physikai Z., 1919, 20, 14), however, reports fuller 
figures ; from these we calculate (using (¢ — 1) /(e + 2), 
and least squares): P = 20218/7T — 0-194. A 
negative A term is, of course, impossible and must 
be attributed to experimental errors, which A reflects sensitively. 

The Dipole Moment of Sulphur Dioxide.—This, from = 0012738", is, for the various B 
values already given, 1°619 p. (B — 16164), 1620 p, (B = 16213), 1618p, (B = 16155), and 
(B 16100; Zahn), 181 (B = 20218; Jona). 

The Faraday Society Table of dipole moments (Appendix to Trans., 1934, 30) shows, under 
sulphur dioxide, a reference to Braunmihl, whose paper does not however include this substance. 
It further quoted Jona’s result as y = 1°76 p., but this appears to have been obtained using 
P « Vie — 1)/3. We have given special consideration to the experiments of Jona, since, in 
contrast with the estimates (1°615-——1°619) by Zahn and us, his datum resembles the higher 
group (1'7—1-9 p.) drawn from observations of electrostriction (Frivold, Physthal. Z., 1921, 22, 
603; Kliefoth, Z. Physis, 1926, 39, 402). This phenomenon, however, does not yet rest upon 
a proven theoretical basis, and the measurements involved (changes in volume of ca. 3 x 10 
cc.) are very delicate, Frivold, in three determinations between 292°0° and 292-8", found 
174, 190, and 186 Dp. High field strengths, E, being employed, Kliefoth questioned the 
sufficiency of the simple (Gans) relation, used by Frivold, namely: 80/vg « E%e — 1)/8xp, and 
considered the effect of higher powers of E. It is significant that his estimate for pgo, is 1-7 D.— 
lower than Frivold’s. 

Jona was among the first to use a heterodyne-beat H.F. method but during the 30 years 
since his publication there has been great improvement in radio components and practice. His 


operated. Relative performance may be examined 
Pwo. 5. 
6s 
63 
The loss of accuracy is due probably to slight 
; imperfections in the precision condensers, which 
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figure, moreover, may be offset by lower ones, calculable by the refractivity method from the 
single — 1) measurements of other earlier workers: 1°61 0. from Klementic (Sitswngsber. 
Ahad, Wiss, Wien, 1885, II, 91, 712); 1-00 p. from Badeker (Z. physital. Chem., 1901, 36, 305) ; 
1°59 p. from Verain (Ann. Physique, 1014, 1, 255). 

For the above reasons, and noting the near agreement between Zahn and ourselves, we record 
the dipole moment of sulphur dioxide as 1619 pb. 

Atomic Polarisation of Suiphur Diomde.—The refractive index of this gas has been measured 
by, inter alia, Cuthbertson and Cuthbertson (Proc. Roy. Soc., 1908, A, $8, 171) and Huxley and 
Lowery (ibid., 1943, A, 182, 207). The last-named authors have reviewed the subject and 

an extended study of the dispersion. From their Sellmeier formula: («# — 1), = 
5220 x 10° (8178 18” — to be 1001277, and (V, being 224141, wide 
International Critical Tables, Vol. 3, p. 3) R, to be 954 c¢.c. A corresponding computation 
from the Cuthbertson data yields 9-58 c.c. ove to of O40 found by 
Nasini (Gazzetta, 1883, 18, 206). The A value (cf. p. 282) cannot be more certain than 10°9 + 0-6, 
so that ,P = 14+ Ob c.c., +«., from 1 to 3% of the total polarisation at room temperatures or 
&—21% of »P (for comparison, the analogous %, for carbon dioxide is 12; Watson and 
Ramaswamy, Proc. Roy. Soc., 1936, A, 156, 144). We have attempted its « priori calculation, a“ 
following Coop and Sutton (J., 1938, 1280). Wagner (Z. physikal. Chem., 1943, A, 198, 55), from 
Raman spectra, gives the O-S~O angle as 136° and the O-O force constant as 1217 x 10 
dynes/cm. If 143 10* cm. (Schomaker and Stevenson, /. Amer. Chem. Soc., 1940, 
62, 1270), freeing 249 x ergs/radian; or, with « 1°37 x 10° cm. (Sponer, 
“ Molekulspektren,” Springer, 1935). V, = 228 x 10°" ergs/radian (we note that the corres- 

figure for ozone is 234 x 10, +.¢., of the same order; Simpson, Trans, Faraday Soc., 
1945, 41, 215). For the apical angle quoted, ug is 2:12 p.; for one of ca. 120° (as earlier 
reported by Dadieu and Kohlrausch, Physikal. Z., 1932, 88, 165) it is 162 p. Coop and Sutton 
(loc, cit.; cf. Bloom and Sutton, J., 1941, 727) give ,.P = 4nnNu,*/9V,, where » is the number 
of angular co-ordinates necessary to express completely the possible independent modes oi 
bending of the opposing dipoles, each of magnitude y,. Sutton's actual cases (¢.¢., p-benzo- 
quinone) al! had high degrees of symmetry. Dekker (Rec. Trav. chim., 1945, 64, 126) has applied 
Sutton’s equation to triangular molecules by using u, sin (2/2) instead of up, (2a — angle between 
valency bonds). For sulphur dioxide he estimates ,P as 0°07 c.c. This seems unnecessarily 
small, for from the figures given above we find the lowest ,P to be 0°13 c.c., and the highest 
@28c.c. Nevertheless, the observed quantity is much larger. The computation is sensitive to 
2a. Thus, using the lower rg and Vo values, for 2a — 120°, 135°, 140°, 150°, 155°, and 160°, 
atomic polarisations follow of respectively 0°15, 0°28, 0°37, 0°68, 1-00, and 1°56 c.c. 


We are indebted to the Commonwealth Science Fund for a Senior Studentship (to 1. G. R.) and for 
financial assistance with this investigation. 
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60. Sulphur Dioxide. Its Apparent Dipole Moment as a Solute and 
as a Pure Liquid compared with the True Value as a Gas, 


Measurements at 25°, and c.lculations by the Debye-Clausias-Mosotti formule, provide r 
moments of benzene), 1-4, (in carbon tetrachloride), ca. 1-4 (in chloroform), 
dipole moments as liquid, or in solution, have been compared with the true value (i.¢., 1-6, p., 
or of on Theories utilising the conception of 
hindered moleculat rotation in nud syateme are i thet! present forms 


smal! in on in benzene or tetrachloride. on 


dielectric polarisation data for sulphur dioxide, both as a pure liquid, 


: 
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none for the latter. We have therefore made appropriate measurements on sulphur 
dioxide-benzene and sulphur dioxide-carbon tetrachloride systems. These are now recorded, 


Diosde —These made of 
up by dissolving the gas in.a weighed amount 


For benzene, hich xtreme soluble 
apparatus (sce Fig. 3, preceding paper and controling the 


sufficing to make up a solution of adequate concentration. ut 
the y of t loss (which would result in an underestimate of the t fraction) was avoided. 
or carbon tetrachloride, with which this process would have been tedious, ye mt pe sagan 
the gas pressure had 
introduced into the weighed benzene, the flask stopper, and reweighed. 
The of about 10 ml. capacity, with 
did occur at times during ad i 


The constant determina 
and Le Pévre (/., 10468, 1949). 
in Table I, the symbols being 


8972 
12178 
24634 
31909 
* Calculated by Sugden’s equation (Trans. Faraday Soc., 1934, 30, 720). 


the above data for benzene as solvent the le moment can be evaluated : mean § = 0-359,, 
whence 64-72 c.c., the distortion polarisation 10-9, c.c. 
paper)—p 1-61, 
‘ith car tetrachloride as Beara ~ density 
valoes (--0-21 to —0-32) 
measurements of Horiuchi ( — last. 1 Phys. Chem Res. Tokyo, 1931, 17, 126) on solutions of 
gases in certain organic liquids. trapolation to zero concentration of Horiuchi's figures for the 
coefficient of dilatation, 3, sulphur dioxide in carbon tetrachloride gives § 2-435 « 10°*. If the 
density of sulphur dioxide at N T.P. is taken as 2-0269 g /1. (International Critical Tables, Vol. 3, p. 3), 
the limiting rate of decrease in density with concentration of sulphur dioxide can be calculated : 
~O318. (A similar calcolation with taking § ~ 2-138 10°*, gave 8 = 40-363, in good 
agreement with our direct ts in this med ) We note that the densities of the two weakest 
sulphur dioxide-carbon tetrachloride solutions (11—16%) used by Adams and Rogers (/. Amer. Chem. Soc., 
sup 112) co toa Bof—0-22. Nevertheless, since both | — § and ae, increase with dilution, 
we have taken --0-318 and 7-32 respectively (whence = 65-15 c.c. and = 1-61, 0.) to provide a 
maximum estimate of the ~~ moment. 

Six solutions of sulphur dioxide in chloroform were also examined but were marred by unavoidable 
escapes of gas. The approximate values obtained for 8 and at, were —0-11 (+ 0-01) and 8-4 (40-25) 
respectively, from these, ca, 1-4 

Liquid Sulphur Dioside.—A number of measurements of the dielectric constant of this material are 
on record. Coolidge (Wied. Annalen, 1899, 68. 125), using Drude’s second method (ibid., 1897, 61, 466), 
found « « 13-75 at 14—-15" (frequency 300 mec.js.). Schlundt sical Chem., 1901, 5, 157, 403), 
with the same method, gave « « 12 at 22°, while Verain ( hys 1914, 1, 523) obtained 
values about half those ed by previous workers Seonediaien (Ann hysik, 1902, 8, 539) used a 
bridge method, and co the temperature range from 114° to 157-5°, just above the critical temperature. 
His results can be summarised (when 0° < f < 150°) by the relation: ¢- = 15-6 — 0-078. Using 
Everscheim’ oa er coefficient of «, we may reduce these readings to a single temperature (0°) for 
compariton (Coolidge), 15-46 (Schlundt), 14-6 (Everscheim). 

Coolidge B Schiundt, and presumably also Everscheim (although this is not 
used for calibration various benzene acetone mixtures, whose dielectric constants 

In our experience pure acetone is a most difficulty reproducible substance for use as a 
standard, and, in this connection, we would emphasise that the value ted Drude for teense at 19° 
Oliver (Proc. Roy. Soc., 1929, A, 
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. | were made with the resonance apparatus — by Calderbank 
cell was filled and emptied ar . results are given 
customarily used (ef. 1805). 
Taste I. 
Sulphur dioxide in carbon 
Selphur dioxide in benzene. tetrachloride. 
0-67378 2-2725 -- 0 2-2261 
14396 0-87821 23508 0-351 7438 2-2805 7-32 
20537 0-88179 2.3853 0-354 4-35 58-8 7834 2-2835 7-29 
34459 0 6-95 
40972 
7-04 


ingly dielectric constant 
only 189 tim) and the (corrected) spe of Ever 
instead of of tas 


To this end, a cell was used, 


The capacitance measurements were 
the dielectric constants of sulphur 

The cell was calibrated at 0°, 

temperature by Le Févre (Trans. 


the ether reading as im 


Rejecting 
from toluene is magnified by the fact 
value of 103 for the cell constant, with a sasubdliewineclehens +1%. Weare not justified in assuming 
any deviation from linearity of (Cy, — Coe) with dielectric constant. 

The value taken for the dielectric constant of eth lene dichloride needs further comment, 
value (extrapolated to 0°) of 11-77 (Clay, Dekker, and Pysice, 


constant, we adopted the mean 


10, 768) figure used in Table I! is that found by Davies (Pail 
bstance 


through 

ic oxide directly into the cell, a ee 
to the — tube C of the handling tus = ge BE 
system being vacuum tight 
took 1-2 This accomplished, the 
measured when stationary conditions had been attained. 
allowed to boil off, rough for about a minute, and the 
taken. The 


air" reading Coe. — Com obtained were constant at 145040, whence 
15-0, at 0", and (using the corrected of 0-075) 13-20 at 25°. 


From these quantities the “ apparent ” dipole moments according to the formula of Debye, 
oP = Mile — I) + 2) — — 1) + 2))/4, and Onsager, oP — + 
de(n* + 2)", can now be calculated approximately. The refractive index, n, of sulphur dioxide 
for the D line at 20° is 1°342 (Nasini, Gazzetta, 1883, 18, 206) tely to 
1-362 at 0° (Bleekrode, Proc. Roy. Soc., 1884, 37, A, 330). Nasini (loc. cit.), Cailletet and Matthias 
(Compt. vend., 1887, 104, 1564), Lange (Z. angew. Chem., 1899, 12, 277), Stowe (J. Amer. Chem. 
Soc., 1929, 51, 410), Seyer and Peck (idbid., 1930, 62, 14), and Eversole, Wagner, and Bailey 
U. Physical Chem., 1941, 45, 1388), quote densities for liquid sulphur dioxide which, after 
conversion to 0° and 25°, provide the average values 1:435 (0°) and 1-369 (25°). 
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Having found that the overall capacity of his cell, empty, did not vary measurably with temperature 
(a likely result if the effect of changes in cel] dimensions due to expansion of the condenser and glass 
contamer are analysed), Everscheim used throughout the whole temperature range the value of the 

at one temperature. His measurements are therefore probably 
all in error by a constant factor, depending on the calibration of his cell and the ord of his material. 
ur dioxide at 0° (when the vapour 
im's graph to calculate the value of 
, the system could be closed with 
lessening the chance of disturbing 
cell and leads between readings 

consis of two coaxial brass tubes, and external diameter, and 
13 mm. (inner) and 15 mm kang by cer ead (ameter mm.), Gtting 
into shallow sockets on the inner cy . The assembly bung rigidly from two stout tungsten wires 
So Pyrex") into mercury-filled cups, whence leads were taken to a 
water and provided with a levelling device. Adequate 
sites, B wae . could be achieved by dropping a few smal! fragments of solid carbon dioxide into 

bath 

jareday Soc., 1938, $4. 1127), together with ethylene dichloride. 

It was found that for any given liquid, the value of (Cy, — Cy») was reproducible to better than two 
scale divisions of the variable condenser connected in parallel with the cell, a liquid with « — 1 = 2 

are given 
measured in divisions of the condenser scale. 
Taste II, 
Calibration of liquid ceil. 
Liquid. (Cog. Com): Cell constant. 

Acetone (e — 1 « 20-58) was also used, but with it the resonance curve was dam and widened. 
to his own, most of those which are subsequent, despite their claimed accuracy of sucithy are not 
supported by details of any practical re-examination of the problem of obtaining reproducibly purified 
. imens. The earlier figure, due to Davies, has accordingly been retained 


For large values of «, the Debye expression is highly insensitive to small variations in this 
quantity. With regard to the Onsager equation, it can casily be shown that for ¢ ca. 15, n* ca. 2, 
— —O8T (An*/n®) 134 (Ae/e) — —Adid, and that it will therefore be affected 
chiefly by errors in «. These we estimate generously at + 1%, whence the uncertainty in 
and in y, + 0°07 b. 

Discussion.—As a preliminary, the foregoing experimental results (as calculated by the 
Debye equation) are summarised in convenient form as Table III. 


Taste Iil. 


Solution Solution 


0-004 ot ~0136 
OF MINUS + A estimate, cf. p. 264. 


Solutions of Sulphur Dioxide.The particular relevance of sulphur dioxide as a substance for 
the investigation of solvent effects lies in the fact that it is a relatively simple molecule of shape 
not greatly different from ellipsoidal, and possessing a negative Kerr constant (K at 760 mm. for 
light of 5400 a. = —®4 x 10*; Stuart and Volkmann, Ann. Physik., 1933, 18, 140). It is 
thus well suited for testing the rule-—first dewised by Goss (Trans. Faraday Soc., 1934, 30, 751) 
on the basis of the Raman-Krishnan theory (Proc. Roy. Soc., 1928, A, 117, 589) of the dielectric 
constant of anisotropic Nquids (as applied to liquid mixtures) and subsequently advanced by 
Higasi (Sei. Papers Inst. Phys. Chem. Res, Toyko, 1936, 28, 284) from a different viewpoint-— 
that the sign of the solvent effect should be opposite to that of the Kerr constant of the substance. 
This rule was dependent upon the consideration of spheroidal molecules, or of those which could 
be regarded as approximately sph ds; recently, however, Ross and Sack (Proc. Physical Soc., 
in the press), by widening the Raman-Krishnan and Higasi arguments to ellipsoidal molecules 
with three unequal axes, have shown that even on the basis of these—themselves not complete 
treatmentsthe Kerr constant rule could not have had a general applicability ; 
indeed for molecules in which the resultant moment is parallel to the mid-axis of its ellipsoidal 
approximation—-and sulphur dioxide is one such-—the sign and magnitude of the Kerr constant 
need give no indication at all of the sign and magnitude of the solvent effect. 

By extending Onsager’s approach (/. Amer. Chem. Soc., 1936, 68, 1486) to the static dielectric 
constant of liquids and solutions (again, the original was derived for spherical molecules only) to 
ellipsoidal molecules of uniform polarisability, Ross and Sack obtain a new expression for the 
solvent effect, in which the sign of & depends not only on the shape of the solute molecule but 
also on its refractive index and on the dielectric constant of the solvent medium. We merely 
note here, quoting from their paper, and applying their calculation also to the carbon tetra- 
chloride solution, that while the generalised Higasi theory, even in an amended form {which tends 
to reduce &y/p by a factor of (« + 2)/3e}, requires a 3u/p — +0°011 in both benzene and carbon 
tetrachloride, the Rows-Sack equation leads to 3u/u = —0016 (in benzene) and — 0-012 (in 
carbon tetrachloride). Thus, while it is not correct quantitatively, the new equation is 
qualitatively so in successfully covering the small decrease in apparent moment, noted (cf. 
Table 111) with the former solvent, and inferred for the latter. 

We conclude therefore, from both the theoretical considerations of Ross and Sack and the 
experimental evidence presented here for sulphur dioxide, that values of the Kerr constant can 
no longer be regarded as a satisfactory basis for predictions concerning the solvent effect. 

Sulphur Diossde.—It is now generally recognised that the assumptions made in the 
derivation of the Debye equation are too drastic to allow it to be used to calculate the dipole 
morments of molecules from measurements of the pure liquid substances; the data in the last 
column of Table LILI concerning liquid sulphur dioxide illustrate this. 

Onsager’s expression (cf. p. 285) for spherical isotropic molecules has been found to be 
of more general applicability. It has been critically tested on 31 pure liquids by Béttcher 
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By substitution, we find ; 
. 25°. 
Debye equatiod OP 27H cc. 27-3 c.c. 
1-10 1-160. 
» 1-93 1-96 b. 
Solution 
in CHCl Liquid. 
51-2 38-2 
0-50 
—0-28 
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(Physica, 1939, 6, 59), who finds it to give values of piopene in good accord with Wilson 
(Chem. Reviews, 1939, 25, 377), however, has pointed out that in view of $ neglect of 
association effects and of molecular anisotropy, this agreement is probably fortuitous. He also 
Suggests that instead of using for = the extrapolated value of the refractive index at infinite 
wave-length, the effective refractive index, defined by: ist — 1)/(wke + 2) = 4nNa/3 = 
digP + ,P)/M should be taken, where (pP + ,P) is the observed distortion polarisation 
from gas measurements). 

a liquid : if =, is the effective refractive index corresponding to the polarisability a, along the 
dipole axis (defined by an equation similar to that just written), and if m is the average effective 
refractive index, then M(e — n*)/de(2e + n*) 4nNy* + (2c + and 
can be estimated from Kerr dele. 
calculations applied to sulphur dioxide at 25° are as follows : 


Data used: yP + = 109; d= 1369, 13-20, we = 1-769, 
Onsager’s equation (using = 74°07. oP ig /oP gas = 1965. 

Wilson's equation = 78°31, read 

Kirkwood's equation (see below); g 


Wilson's extension of it, lead to predicted values of the orientation polarisation approximately 
40% too high. 

An explanation of the increased apparent moment of sulphur dioxide in the liquid state, as 
indicated by these equations, may be found in the results of an X-ray examination of liquid 
sulphur dioxide at room temperature by Bastian- e 
sen and Finbak (71ds. Kjemi Bergwesen Met., 
1945, 4, 2). Their figures for the shape of the 
sulphur dioxide molecule in the condensed phase 
agree exactly with the figures of Pauling and 
Brockway (J. Amer. Chem. Soc., 1935, 57, 2684) 
for the gas. They give also intermolecular dis- 
tances and angles which describe a quasi-crystal- 
line structure with 4-fold (tetrahedral) co-ordin- 
ation of sulphur dioxide molecules about a central 
molecule. Unfortunately, these authors do not 
show the relative disposition of any two complete 
adjacent molecules, but we may determine this 
by applying the reasonable principle that, of the 
four molecules B, C, D, and E, surrounding a 
central molecule A, two, say B and C, must be 
disposed with respect to 4, as is A with respect to D and E, since A is one of the four molecules 
adjacent to each of the latter. Then it is fownd that on the figures of Bastiansen and Finbeak 
only one type of mutual! orientation is possible, This is shown in the figure ; the dotted O atom is 
the one whose position we infer; it lies either above or below the plane of the figure; the two O 
atoms of the central sulphur dioxide molecule A lie in the plane through aa’ perpendicular to the 
plane of the figure. A second molecule B can occupy the positions similar to those of B on the 
other side of aa’, and D and £, the locations of whose S atoms only are given by Bastiansen and 
Finbak, are in front of and behind, respectively, and above, A, disposed in the same way as A is 
to B. Li we calculate the field due to each of the four dipolar molecules at A (assuming the 
intervening dielectric to be uniform, i.¢., no refraction of the lines of force) it is found that in 
each case there is a component parallel to and in the same sense as the dipole of A ; the components 
Perpendicular to this will cancel on the average, in view of the choice of positions available for 
each of B, C, D, E. Thus there is a polarising field producing an additional moment which, 
combined vectorially with the original moment, must increase it; to attempt to calculate 
precisely this short-range dipolar action would involve too many assumptions, but the general 
conclusion, that it will reinforce rather than detract from the original moment, still holds. 

Finally, Onsager’s equation has been further modified by Kirkwood (J. Chem. Physics, 1939, 
7,911; Ann. N.Y. Acad. Sci., 1940, 40, 315), who has allowed, in principle, for a mutual action 
of any kind between the molecules, although—since this action cannot yet be evaluated in 
precise terms—-the equation he derives is not amenable to direct test. Kirkwood finds 
— 1)(2e + = pP + + = + + Here y is the 


a 
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dipole moment of the molecule in the absence of an applied field, and is evaluated sufficiently 
accurately by the relation due to Onsager (loc. cit.) : pape. on? ve: iv is the total 
dielectric constant differs effectively from the overall macroscopic value 

The “ correlation parameter," ” g, is @ measure of the degree and strength of association of the 
molecules in the liquid. For water and alcohols, which have strong intermolecular hydrogen 
bonding, Oster and Kirwood (J. Chem. Physics, 1943, 11, 175) have attempted to evaluate ¢ 
theoretically (but even then on questionable assumptions ; Frenkel, “ Kinetic Theory of 
Liquids,” Oxford, 1946). For sulphur dioxide, which has no such strong bonding, this is not 


However, g is accessible from experimental data, and the value obtained (see above) shows 
that sulphur dioxide falls in the same class as liquids such as ammonia, ether, acetone, and 
nitrobenzene, for all of which g is in the range 1:1 to 1:7; we conclude therefore that sulphur 
dioxide shows especially marked association. 

In this connection we would mention that the extraordinary mutual solubility of benzene 
and sulphur dioxide (amounting to complete miscibilty of two substances which are chemically 
dissimilar) might lead to a suspicion that some sort of association of a more formal kind than the 
type so far considered may exist in these mixtures, although the freezing-point curve gives no 
indication of this. Seyer and Peck (J. Amer. Chem. Soc., 1930, 52, 14), from determinations of 
the Eétvés constant, inferred that sulphur dioxide was associated only below 0°, and not 
noticeably so in mixtures. In harmony with this, we find the total polarisations (cf. Table I, 
p. 284) to be substantially independent of concentration. There seems, therefore, to be no 
evidence for the formation of sulphur dioxide—benzene complexes. Viscosity data (Adams and 
Rogers, /. Amer, Chem. Soc., 1930, 61, 112) suggest a similar conclusion for the system sulphur 
dioxide-carbon tetrachloride. 

Concerning the pure liquid, in addition to the remarks of Seyer and Peck, we note that 
Awbery and Griffiths (Proc, Physical Soc., 1936, 48, 372) report sulphur dioxide as obeying 
Herzog and Kudar’s relation (Z. Physit, 1933, 80, 217) between latent heat of fusion and 
viscosity, i.¢., behaving as an unassociated liquid. 

The foregoing review offers nothing to support the discussion of Le Févre and Le Févre (/., 
1935, 1747; 1036, 487) or that of Le Févre and Russell (/., 1936, 491), both of which assumed 
solute association in pairs at least. Statements made in the second 1936 paper require amend- 
ment in the light of the measurements now recorded for sulphur dioxide. Thus the sign of the 
Kerr constant was introduced through a structural coincidence, molecules for which K is 
positive or negative being classed as “ type A” or “ type B'” respectively. Further, both these 
“ types "" were idealised (cf. diagrams on p. 1784 of the 1935 ref.) beyond usefulness where 
sulphur dioxide is concerned, since the mutual orientation of the sulphur dioxide molecules in 
the liquid, as indicated by X-ray evidence and supported by apparent moment determinations, 
corresponds in no way to the type of association postulated for molecules of type B, which, it 
was put forward, should pack together collinearly, with their dipoles parallel and in line. In 
particular, the predictions made by Le Févre and Russell (second 1936 ref. above) for cases where 
a solute and solvent are each of B type, are shown to be incorrect by the present findings for 
sulphur dioxide in chloroform and in itself. 

Theorses Involving Hindered Rotation im Liquids.—A number of other attempts have been 
made to introduce features of the structure of liquids into discussions of their dielectric 
Stewart's idea of cybotaxis (Rev. Mod. Physics, 1930, 2, 116; Physical Rev., 1931, ii, 37, 9), and 
the experimental evidence behind it, seem particularly suggestive, in that the predisposition of a 
liquid to contain more or less ordered arrangements over small elements of its volume springs 
from the anisotropic properties of the molecules concerned. Debye (Physikal. Z., 1935, 86, 100, 
193; Chem. Reviews, 1936, 19, 171) and Fowler (Proc. Roy. Soc., 1935, A, 149,"1) have assumed 
that dipolar molecules in liquids are not free to rotate but only to execute oscillations about 
axes whose directions change slowly, but over short periods of time are fixed by the fields of the 
neighbouring molecules. Thus Debye writes for the orientation polarisation: oP = 
— L(8)), where L(6) is Langevin's function of = EjkT. For sulphur dioxide 
we have oP iq /oPgs = 05 = [1 — whence the “ binding energy” 3-447; for 
comparison, water shows /oP gas = and E = 11kT, and ammonia, 0°41 and 4-4kT 
fespectively. The theoretical calculation of E has not yet been accomplished. Attempts, 
using the molecular interactions obtained by London (Trans. Faraday Soc., 1937, 38, 8) in 
conjunction with inter-dipole distances of 27, where r* = 0-916 x molecular volume x 10%, 
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only E = 025kT for water and O0-1k7 for ammonia. A more serious objection is that the 
factor {1 — L%8)) fails to deal with cases (¢.g., trimethylamine) where oP /oP gq, exceeds 


Kincaid and Eyring (J. Chem. Physics, 1938, 6, 620) have approached the problem via the 
“ free volumes ” and the “ free angle ratios ” (f.a.r.) of molecules in a condensed phase. Both 
these concepts, to a first approximation, concern the regions in which displacement can occur. 
restricted between the limits of the polar angles 0 and 6,, then = 1 — [(1 + cos 6,)/2)*. 
about the three axes are symmetrical, 3, — 3," and 3, « (1 — cos 6,)/2. For the angular 
water molecule, 1/8, is calculable from the product (6:1 x 10°) of the principal moments of 
x 10° x (ABC)t = 25°05; 8, therefore is 0-116, whence 

= oP iq./oP gun = 022, i., of the order found by direct measurement (0°19). A 

eee Tonicaka ulation cannot yet be made for sulphur dioxide (ABC = 139 x 832 x 97-1 x 10°®, 
Section, Rev. Mod. Physics, 1942, 14, 204) since the frequencies associated with hindered 
translation or rotation do not seem to have been observed (cf. Cartwright, Nature, 1935, 136, 
181; Physical Rev., 1936, 49, 470; Strong and Woo, ibid., 1932, 42, 267; for the Einstein 
functions in the water case just cited we have used v = 176 and 500 cm.“' from Hibben, “ The 
Raman Effect and its Chemical Applications,” Reinhold, 1939, p. 320). 

The required (8,)so, has therefore been estimated from the product 3,V,(<— RT/ 
exp AH,,, /RT; Kincaid and Eyring, loc, cit.) and the equation : 2RTVO™/ 

Pha Eyring, “ Theory of Rate Processes,” w-Hill, 1941, p. 479), in 
f, the vapour pressure of liquid sulphur dioxide at 208°, is 3°863 atm. (International Critical 
Tables, Vol. I1I, p. 236), the molecular volume, 46°8 (present paper), and the latent heat of 
evaporation 345 joules /g. (estimated tem date given by Vol. V, 
p. 138). Thus 8, = 0°03 and 3, = 0-097, whence u*,, /u*,. Should be ca, 0°2, This is 2°5 times 
too small. From the observed ratio, Roum ote. Kincaid and Eyring note that 4, 
from dielectric constant measurements tends to exceed (8,)** from other sources (¢.g., with 
methanol, 8, = 0°25 from « methods and 0°13 by the alternative routes). Nevertheless the 
theory evidently fits the simple molecule sulphur dioxide too inadequately for it to merit the 
status of a general a priori explanation of solvent effects. In its present form it has the further 
disadvantage that it cannot forecast correctly those circumstances which lead to oPiq /oP gu 
ratios greater than one. 

Concluding Remarks.—-We have disregarded certain early empirical! relationships, such as 
those proposed by Miller, Jenkins, Arkel and Snoek, Sugden, Henriquez, etc. (cf. Glasstone, 
Ann. Reports, 1936, 33, 117 for summary and references) since they all required the ratio 

correct (¢.g., Le Févre and Russell, Trans. Faraday Soc., 1947, 48, 374; compare paraldehyde, 
following paper). The present work on sulphur dioxide has now demonstrated the inapplic- 
ability of a number of other treatments which have hitherto shown signs of sufficiency. The 
Ross-Sack theory alone remains with promise of explaining apparent moment ratios in dilute 
solutions. Even it will not cover pure polar liquids. Perhaps it is impracticable to hope for a 
“ universal formula” in the latter problem. Indeed, as knowledge of liquid “ structures ” 
accumulates, the need for such a “ formula” will decline, since the calculations necessary 
should then require only the ordinary considerations of electrostatics. 

Materials not Specified Previowsly.—Carbon tetrachloride. Technical carbon tetrachloride was 
over mercury for 16 hours, then shaken for some hours successively with concentrated sulphuric acid, 
dilute sodium hydroxide solution, and water. After st over calcium chloride for a week. 
fractionally distilled fro re pa Se wax, again dried (P,O,) for further week, redistilied, left over 

boric oxide for 3 distiitod’ use, the middie half of the distillate 

76-7") only being collected 

oluene.. Commercial toluene was shaken several times with small quantities of concentrated 
culpbaric acid and washed with dilute equeces and distilled water; it was then dried 
ae , refluxed for some hours over mercury, dried (P, for a week, and redistilled; b. p. 110-6". 

To remove the chief i rities present in “ i "ether, it was shaken with Ath of its volume 
of tone silver nitrate solution (cf. Werner, Analyst, 1933, 68, 335), washed with water, concentrated 
sulphuric acid, and water, dried (Na wire), fractionally distilled, dried, and again distilled; b. p. 34-6". 

(3 times) water, dried (CaCl,) for 3 weeks 
acid, sodium carbonate solution, and water (each 4 times, and for some hours), It was then dried 


unity 
Say 


290 Le Fevre, Mulley, and Smythe: The Dielectric Polarisations of 


liquid was washed with dilute hydroxide solution and 
water, ated distilled, and and redisti b. p. 83-5". 

Acetone. This was shaken with a smal) quantity faa, sliver nitrate, to Chich had been added an 
equa! volume of »-sodium hydroxide (Werner, loc cst ) then dried distilled, set aside 
over potassium carbonate, aod recistilled before use. This specimen was stil] sufficiently moist to damp 


Analait -free benzene dried over sodium purified fractional 
wire, twice 
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61. The Dielectric Polarisations of Liquid, Dissolved, and 
Gaseous Paraldehyde. 
By R. J. W. Le Pever, (Miss) J. W. and B. M. 

on to have a larger t moment in 
the liquid (1:7, 0.) or dissolved states (1 m, 1-7,; dioxan, carbon tetra- 
chk benzene, 1-4,; chloroform, chan (0-20). The last datum follows 
from the equation: — 44-47 + 12792/T. The ratios OF are the 
greatest yet recorded. 


mo 
The atomic polarisation of parakdchyde is approximately one-third of the electronic. 


THES present communication extends an earlier one by Le Févre and Russell (/., 1936, 496), 
in which paraldehyde was examined merely because it had a large negative Kerr constant. 
During the intervening thirteen years, however, its molecular dimensions have been established 
(Ackerman and Mayer, ]. Chem. Physics, 1936, 4, 377; Brockway and Carpenter, /. 

Chem. Soc., 1936, 68, 1270; Gerding et al., Rec. Trav. chim., 1939, 58, 604, 615; 1941, 60, 258). 
Its shape allows it credibly to be fitted within an ellipsoid of rotation about the resultant dipole 
moment as axis (cf. Calderbank and Le Févre, /., 1949, 199). Paraldehyde becomes 
accordingly an attractive “ model" upon which to test extant theories for the variation of 
apparent polarisation and state. 

Le Févre and Russell (loc, cit.) recorded dielectric constant and density figures for the pure 
liquid and solution of it in nine solvents, but fearing the presence of the equilibrium, 
C,H,,0, « 3CHYCHO, refrained from proceeding to a discussion. It is now clear that this 
anxiety was unjustified, since in ordinary organic media depolymerisation becomes marked 
only in the presence of acid catalysts (Orton and McKie, J., 1917, 109, 185; Bell, Lidwell, and 
Vaughan-Jackson, thid., 1936, 1792). Moreover, in 1936 the necessary polarisation data for 
the gaseous state were lacking; the provision of these, together with a number of recent or 
repeated results in various solvents, is the main object of this paper. 

The total molecular polarisation of paraldehyde vapour as a function of the absolute 
temperature has been found to follow the equation: P (c.c.) « 44°47 + 12792/T, whence 
y= 144 D., and the electronic and atomic contributions together (44°47 c.c.) are seen to exceed 
the [R,) » Value (33°1 c.c.) used by Le Févre and Russell. 

Further, where dissolved paraldehyde is concerned, our additional determination in benzene, 
light petroleum, and dioxan make it evident that rectilinear relationships do not hold between 
concentration (as weight fraction, w,) and either the dielectric constants (¢,,) or the densities 
(d,,) of the mixtures (compare Le Févre, Trans. Faraday Soc., 1950, 46, 1). With trioxy- 
methylene and trithioformaldehyde, signs of the same phenomenon were found by Calderbank 
and Le Févre (J., 1949, 199). Accordingly both our new measurements in non-polar solvents 
and those from Le Févre and Russell (relating to carbon tetrachloride and chloroform) have 
been evaluated or recalculated (cf. Le Févre, loc. cit.) to allow for this effect. The figures so 
produced are set out in Table I, which includes, for comparison, certain others (under u®) 
previously given in 1936, together with those (under yg) obtained by the method. 


Liquid, Dissolved, and Gaseous Paraldehyde. 
Taare I. 


Apparent moment and polarisation of paraldehyde at 25°. 


Le Févre and Russell (loc. cit.) 
underlying such measurements, and those of 
being re-examined on a wider basis in this ‘ 
therefore, we wish, at this stage, to restrict consideration to the data of 


chloroform being retained because it has sometimes been thought admissible m for 
dipole moment work (cf. Le Févre and Rayner, J., 1938, 1921; Caldwell re, J., 
1939, 1614; Calderbank and Le Févre, J., 1949, 1462; and the Paraday Soc. a Oe 
Moments, 1934). 
Discussion.—The true moment, as determined for the gaseous phase, is lower 
than the apparent moments shown in solution or the quid state. Paraldehyde is known to 
and Coffin, J. Chem. Physics, 1937, 7, 315), but from the kinetic study of Burnett and Bell 
(Trans. Faraday Soc., 1938, 34, 420) it is evident that even at 261° the time of half-change is 
ca, 31 minutes, while below 210° the pressure changes (used as indexes to reaction rates) were 
scarcely measurable (Coffin, loc. cit.). Accordingly, by confining our experiments to 
temperatures below 200°, and adhering to the timing already specified (Le Févre, Ross, and 
Smythe, J., 1950, 276), we believe we have not incorrectly attributed the observed 
polarisations to paraldehyde alone, rather than to a changing system, C,H,,O, = 3CH,CHO. 
In terms previously used (Le Févre and Russell, Tvans. Faraday Soc., 1947, 48, 374; 
Le Févre and Ross, /., 1950, 283) we may summarise the facts thus : 


Since the media have been arranged with increasing dielectric constants from left to right, it is 
obvious that none of the treatments of the “ solvent effect "' problem in which ¢ is the controlling 
factor can be valid for paraldehyde. On the other hand, those theories which involve the 
shape of the solute, or the algebraic sign of its Kerr constant, appear-—qualitatively at least-— 
to be more successful; indeed the jig /tgss ratio now found, although higher than any other 
yet recorded in the literature, can be roughly forecast by applying Higasi’s expressions (Sci. 
Papers Inst. Phys. Chem. Res. Tokyo, 1936, 28, 284) as though they were intended for polar, as 
well as non-polar, solvents, Carpenter and Brockway (loc. cit.) assign paraldehyde to the 
first of four models illustrated in their paper. In this, the three oxygen atoms are approximately 
coplanar with the three methyl-carbon atoms; and these six are 0°47 a. above a parallel plane 
containing the remaining carbon atoms; C-O and C-C distances of 1°43 and 1°54 4. are also 
given. All intervalency angles are tetrahedral. A scale drawing of the “ elevation ” of this 
skeleton (through one of the oxygens and its opposite CH~Me), after adding outlines 
corresponding to van der Waals radii, shows that rotation about the direction of action of the 
resultant moment (cf. Calderbank and Le Févre, loc. cit.) requires a somewhat flat spheroidal 
cavity. Several may be drawn but the axial ratios 4:6: ¢ are consistently about }: 1: 1. 
Following Higasi, therefore, hem 2 in Bom — — — sin — — 1/8, 
whence B = 0°195 and Au(=— 4namy,,,8, where » and a represent the number of molecules of 
medium per unit volume and their polarisability respectively) « 0°20 x 10° ¢.s.u. Thus the 
calculated value of is 1°30 compared with the 145 actually recorded, Further, 
of course, the fact that oP yq /oPg. exceeds unity is compatible with 6 (in expressions derived 
from the equation of Raman and Krishnan, Pros Proc. Roy. Soc., 1928, A, 117, big ype naar wt 
sign, i¢., the reverse of that of the Kerr constant. In view, however, of considerations 


Solvent or state. Total pa. Orientn. pa. pa, 
Pare liquid 62-1 1-8 14, 173 
solvents, but 
}. The questions 
36, 487), are now 
yde is concerned, 
Dioxan, ccl,. C,H, CHCI,. Liquid. 
1-51 1-74 1-00 1-69 2-22 1-45 
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prompted by the case of sulphur dioxide (J., 1950, 286), this particular aspect will not be 


According to Onsager (J. Amer. Chem. Soc., 1936, 58, 1486) the true orientation polarisation 
of a substance should be (¢ — + /e(n* + 2)*, where V molecular volume and 
is the refractive index for light of infinite wave-length, V and »# referring to the condensed 
phase. Frequently (cf. Béttcher, Physica, 1939, 6, 59; Le Févre, Smythe, and Roberts, 
J, \949, 902) the use of mp in place of n, makes only a small difference, Wilson (Chem, Reviews, 
1939, 25, 377) recommends that ay uw. calculated from the distortion polarisation, be 
adopted instead. With paraldehyde either route gives an extremely high figure: (a4) n*) = 
1089, from (oP 198 cc. at 25°; (6) = 2499, from = 
44°47, (oP 151 at 25°; oP, calc. via 44°47 + 12792/T (cf. p. 200) 43 cc. at 
25°. Looking over Bdéttcher’s examples, it seems that molecules of the type possessing negative 
Kerr constants are least satisfactorily handled by the unmodified Onsager formula. 
(Paraldehyde provides the worst instance to date in our experience.) Onsager, however, was 
well aware of the limitations imposed by his choice of simplifying and preliminary assumptions 
(ef. Le Févre and Russell, Trans. Faraday Soc., 1947, 43 391-392). Modifications, giving 
recognition to the optical anisotropy of the solute, in the manner indicated by Wilson (Joc. ctt.), 
would certainly improve the situation, but unfortunately neither electric double refraction nor 
light-scattering studies for gaseous paraldehyde have been made. 

With regard to Kirkwood’s extension of Onsager’s equation (J. Chem. Physics, 1939, 7, 911. 
Amn. N.Y. Acad, Sei., 1940, 40, 315), vis., M(e — 1)(2e + 1) + + 
we note (since M/d = 133°5 c.c. and eg, = 12°934; Le Févre and Russell, Joc. cit.) that g is 

tely 75. This is large (cf. preceding paper for other examples) and would appear to 
indicate a small value of (008 y).rerge in g = 1 + Z(cos y) 4, where Z is the number of molecules 
in the first layer around the one under consideration. If Z were about six, and all seven 
molecular resultant dipoles moving about axes not far from parallel, a model is seen in which 
maximum “ contact “ of molecular “ areas’ is tending to occur. It is relevant to mention, 
however, that cryoscopically (see following paper) there is no evidence that paraldehyde is 
“ associated ” in the ordinary sense of the word. 

Finally, the theories based on hindered rotation (¢.g., those of Debye, or Kincaid and Eyring, 
see preceding paper) cannot be applied to paraldehyde, for which 9/4, /oP gas is 1°45, since— 
as was pointed out 4 propos sulphur dioxide—a ratio greater than unity is made impossible by 
the mathematical forms by which their authors expressed them. 

The above paragraphs are chiefly concerned with the ligwid-gas relationship. We are 
indebted to Mr. I. G. Ross for some remarks on paraldehyde as a solute: using as axes for 
the spheroid those quoted before (namely 0-5: 1-0: 10) the Ross-Sack equation is 


where in this case = (1/e*) — ((1 — 0527, and ¢ = [1 — For 
comparison, the Higasi equation for solutions may be written as 

although it is suggested that the derivation of (2) contains errors and that, with Higasi's 
approach, the correct form should be 


The apparent moments in solution, calculated by (1), (2), and (3), are compared below with 
those actually recorded : 


m, cale. by (1). cale. by (3). 
7 1 
1-7, 
1-7, 
1-7, 1 
Equation (1) thus gives slightly better results than does that of Higasi, either in its original 
(2) or its amended (3) form. 
Conclusions..—Paraldehyde is established as a case where the apparent moment, as 
measured in solution wa the Debye-Clausius-Mosotti route, is markedly greater 
than the true moment obtained from the gas. The facts now revealed, while out of harmony 
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with many of the extant theoretical treatments of the problem, are less so with those in which 
significant. 


the anisotropy of molecular shape (or polarisability) is 


of 80 per. 
prom 


at ee ‘temperatures (due to surface ripples 
by the fluid became hotter and more 


in that it was more 
ied, which could be earthed, 
pony why The whole structure was hea 
lagged to minimise heat radiation to the electrical 
By the use of chloroform, carbon tetra- 


the temperature of the cell could easily 
©-2° or better. The condensates ran back 
to flow down the inside wall of the vessel. 
of boiling was controlled by adjusting the 
across the heating coil by means of a “ Variac 
transformer. 

The new cell was first calibrated against 
dioxide = . 281). Table Il shows the 
obtained for the of tn Table 131. 


61-15 


Whence P = 44-47 + 12792/T and » = 1-44, 


betore (J. 1968, 1940). "The solvents were tractionated (after partial frecing where applicable) and 


EXPERIMENTAL. Condenser 
Materials —The paraldehyde was purified by drying Coassa’ 
it with anhydrous sodium sulphate and then cable 
ny termina! — 1 i¥ heated salet 
This was distilled (the fraction, b. p. te cell 
sodium sulphate for several days, and at WIT); 
before use as ired. 
of Gaseous P The method  ¢fer 
of measurement has been essen that described Cet 
previously (/., 1950, 276, apparatus 5S.) but with 
the following improvements. The gas cell was re- 
ced by another of similar construction of 124 instead Celi “Xe 
were brought - 
irectly to the 
Por the oil- ut 
BY, 
fa an met mth, standing on 
: floor, was substituted ts details are given in the } > sagging 
i figure. It had advantages over the glass apparatus 
hloride lene butyl alcohol, cyclehe ol, t yl Meating Aajustabe 
Sicohol thy ly at col | support 
IRI 
Taste II. 
8C /p for carbon dioxide. 
Press. range Number of 
x. 10*/T. 8C/p. (8C in cm. observations. 
206-5 3372 7-66 7-662 34-68 10 
333-5 2999 6-80 6-800 32— 68 13 
383-0 2611 5-91 5-905 38—67 13 
404-0 2475 5-502 42.69 il 
422-5 2367 534 5-342 35—67 i2 
Whence (2307-0/T) — 0-1185. 
III. 
Paraldehyde. 
Press. range No. of 
10*/T. Pice). (calc). in (cm.). observations. 
386 2591 39-0 77-59 77-41 34-53 13 
406 2463 36-2 7671 75-08 20—61 12 
437 2288 32-9 14-08 73-74 25—67 12 
457 2188 310 71-24 72-46 16-52 
390° 2564 774 77-27 25-51 7 
473° 2114 46-00 71-54 71-51 23- 56 6 


_ since the polarisations at 
for each solution (cf. Le loc. a). 


(a) Paraidchyde im light petroleum (b. p. 94—99"). 
9701 190860 3847957468 79183 

20156 2.03830 20872021376) 1989 

O@74212 0-74367 074604 


6467 
2-4802 
0-87996 


5-7204 64533 
143258 8661-41078 1-36987 


the above measurements the constants,” at, and — and show 
a drift with By least squares, the following fels Gen ied 


01552 + 
00316 + 0-147e, 
O-0818 + 
— 0-9582 
5 0-294w, — 0-6720 


Using the above data at w, « 0, the polarisations at infinite dilution listed in Table I are calculated as 
al’) @ Mi — B) + the requisite values of C and p, being 


' Note on the Atomic Polarisation of Paraldehyde.—Since the difference between the distortion 
polarisation (44°5 c.c.) and the molecular refraction (about 33 c.c.) is ca. 11 c.c., paraldehyde 
must be added to the growing list of cases which disprove the earlier idea that ,P might be 
taken as approximately 10%, of »P. Coop and Sutton (J., 1938, 1280) and Watson, Kane, and 
Ramaswamy (Proc. Roy, Soc., 1936, A, 156, 130) have provided the most striking instances. 
The relative position of the present observations can be seen from the following series of 
al’/gP ratios : 


(Coop and Sutton, loc. cit.) 


Boron trifluoride (Watson, Kane, and Ramaswamy, loc. cit.) 
Carbon tetrafluoride ..................... 39 
Silicon tetrafluoride ......... 
© 


204 Liquid, Dissolved, and Gaseous Paraldehyde. 
constants of light pet m and of dioxaa were determined relatively to benzene (2- . 

The i t concentrations (w, — weight fraction) are alone 
recorded do not require the separate evaluation of these 
fe, 

(b) Pavaldehyde in 
Ow, 0 1122) 15414 23323 4500 06453 54439 
2-2807 2-2770 2 Juss 2-3790 2-4017 24347 
108017 102863) 102828102762 1027441 02703 
Pareldehyde im carbon tetrachloride. 
...... 11546 49053 72066 108066 
22086 23657 245331 246733 2-8920 
(d) Pavaldehyde in bensene. 
493 1029 3424 4522 4765 
98786 23-2881 23064 2-3818 2-3832 2-4159 24243 
87410 0-87440 0-87697 087750 8 0-87804 0-87840 
..... 302 8863 9989 10777 12868 16451 20897 
98070 2.5674 2.6027 26358 27150 28586 3-0392 
Paraldehyde in chloroform. 
0 1008 3028 5389 8870 15528 
146080144803 
Xo of solns 
Solvent. 
Carbon 
pet m. Dioxan. tetrachloride. Benzene. Chloroform. 
26388 016390 0- 10697 18809 O-37724 
O-33614 29045 O-18321 0 34086 0-04520 


(1950) Apparent Polarisations of Paraldehyde, etc. 


Comparison with data for a number of ethers is interesting : 


of this paper, 
(b) investigations of crystal structure (Moermann, Rec. Trav. chim., 1937, 56, 161), dipole moment 
(Maryatt and Acree, J. Res. Nat. Bur, Stand., 1944, 33, 71; Calderbank and Le Févre, /j., 
1949, 199), infra-red (Ramsay, Trans. Faraday Soc., 1948, 4, 289) and Raman spectra 
(Kohtrausch, Z. physihal. Chem., 1937, B, 85, 29) on trioxan, and (c) studies of electron diffraction 
(Brockway and Sutton, J. Amer. Chem. Soc., 1935, 57, 473) and infra-red and Raman spectra 
(Ramsay, Proc. Roy. Soc., 1947, 190, 563) on dioxan. Oxygen bond angles and C~-O distances, 
where given, are of the same order throughout (viz., 110° + 5°, and 143-—1°46 a.) and closely 
resemble those for dimethyl ether (Brockway and Sutton, loc. cit.). 

From Sutton’s theory of atom polarisation (see p. 283 for references) it follows that : 
(1) since this quantity depends on polar groups in a molecule whereas »/ does not, ,/? cannot 
be expected to be always the same fraction of g/; (2) if several compounds have essentially 
common oscillating systems, they have nearly the same ,/; and (3) in general , P is not additive, 
but in some circumstances (if u and Vo, in ,P = 4xNyu*,/9Vo, are constant) it is roughly 
proportional to the number of polar bonds, or components. 

The figures just quoted illustrate these propositions, The ,P/,? fraction for paraldehyde 
is not that for many other molecules, although the absolute value of its ,P seems to be of the 
order of that of trioxan. The angular force constants, Vo, for bending of C-O~C in dimethyl 
ether and in dioxan are 0'34—0-46 and 0°66 x 10° dynes/cm. respectively (Kohlrausch, Joc. 
cit.; Bonner, J. Chem. Physics, 1937, 6, 293); since ,P = 4xNany*, (where = the number 
of oscillating components, t.¢., 1 for dimethyl ether and 2 for dioxan), the atomic polarisations 
for these two molecules should be approximately the same, as in fact they are. 

The deformation constants of the C-O~-C angles in paraldehyde and trioxan have not been 
determined. However, Ramsay (Trans. Faraday Soc., 1948, 44, 289) attempted to calculate 
the vibration frequencies of the trioxan ring using the same values for the force constants as 
for dioxan, but differences between his estimates and those observed are large, and indicate that 
the force constants in trioxan are appreciably smaller than those in dioxan. N 
if the bending force constant of C-O~-C in trioxan (which as a first approximation should be of 
the same order as that for paraldehyde, as are the C-O bond distances and the C-O~C angles) 
is closer to that of dimethy! ether, then we would expect an atomic polarisation approaching 
three times that of dimethyl ether, or 9 c.c. This is in effect the situation found. These 
results shown the degree of additivity of ,P in these compounds, It resembles that which 


has also been noticed with certain polyhalides and the metal acetylacetonates (Finn and 
Sutton, J., 1938, 1259; Coop and Sutton, loc. cit.). 
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62. The Apparent Polarisations of Paraldehyde in Non-polar 
Solvents Measured at 10 and 25 cm. 


By R. J. W. Le Fever and (Miss) J. W. 


Direct observation has verified that, where the common non-polar solvents of low (centipoise 
pana Peg dete ne the results of the preceding are not due to a spectrum of 


region. Signs orientation polarisation 
Imay be sven between and 10 cm., bat this is credibly with the De 
formula and accepted molecular . Sole of tn 
(viscosity ca. @2 poise) have also been in 


THE measurements recorded in this communication were made for precautionary reasons. 
The time, + (seconds) of molecular relaxation in a dielectric is given by the well-known equation 
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Me,0. Et,0. Dioxan. Trioxan, Paraldehyde. 
aP 22 40 30 os. 13° 
129 21-46 193 33-1 
* Calculated from the dielectric constant of solid trioxan at 20° (Walker and Carlisle, Chem. Fug. 
News, 1943, 21, 1250), viz, 32 — 3-4 at 
but has been taken as 1-2 since a higher figure not appreciably affect M(« — 1)/(e +  32cc. 
That the three cyclic molecules have similar configurations follows from (a) the structural 
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of Debye as + = 4rns*/hT, where 4 is the macro-viscosity (poises), 7 is the molecular radius 
(cm.), & is Boltzmann's constant (1°37 « 10° ergs/degree), and 7 is the absolute temperature. 
(through the relation + « 4/2nf) we have : fr? = kT /Sx*,. Now, the viscosities of the solvents 
used in the previous work range from 02 to 2-0 centipoises. At 25°, therefore, the product fr* 
should be between 36 x 10° and 36 x 10, Fig. | illustrates the consequent dependence 


of f upon r. 

Assuming paraldehyde to be a liquid composed of close-packed spheres, r may be calculated 
as 0665V"" 10° cm. (V molecular volume), i.¢. (since df — 0-990), 3-40 a. Its viscosity 
at 20° is 1:18 centipoises (Muchin, Z. Elehirochem., 1913, 19, 820). Accordingly, if this solute 
exists in the pure state or in dilute solution (of the type customarily used for dipole moment 
measurements), as single molecules, its orientation polarisation (9P) should remain constant 
until the applied frequency approaches 10 c.p.s., i... a figure safely distant from that 
(1? ¢.p.s.) utilised in the preceding paper. 


Fis. 1. Fis. 2. 


However, note should be taken of the following facts: the simple expression of Debye, 
implying spherical molecules freely rotating against one another and a single relaxation time, 
is too idealised. It indicates only the order of results obtained by direct experiment 
(ef. Holemuller, Physital. Z., 1937, 38, 574). Most molecules, in fact, would be more 
accurately regarded as ellipsoids with three axes, for which three values of + should be foreseen 
4 priors (Perrin, J. Phys. Radium, 1934, 5, 497). In at least one instance (Girard and Abadie, 
Faraday Soc. Discussion, 1946, 42, A, 40) dilution has revealed a plurality of dispersion regions. 
The coefficient of viscosity of flow is only a rough measure of the coefficient of internal friction 
really required by the Debye relation; for equal concentrations of the same solute in different 
solvents, maximum dielectric absorption does mot occur at identical viscosities (Hall, Halliday, 
Johnson, and Walker, sbid., p. 136). There are indications that the variations are connected 
with the shapes of the solvent molecules (Thompson, sbid., p. 160). With benzophenone in 
benzene the incremental! loss tangent is still diminishing as f descends past 10° c.p.s. (Jackson 
and Powles, ibid., p. 106); with medicinal paraffin as solvent (7 = 1°97 poises) the corresponding 
point appears to be 10° c.p.s.—-suggesting the presence of a spectrum of relaxation times. 

Now, although cryoscopic studies (Paterno and Nasini, Ber., 1886, 19, 2529; Luginin and 
Dupont, Bull, Soc. Chim., 1911, (iv), 9, 223) in a few solvents have shown paraldehyde to be 
monomeric, there is still the possibility that in its dielectric behaviour it may act effectively 
either as double, treble, etc., units (through association, of the cybotactic type with itself) or 
as a lose structure carrying an “ atmosphere " of solvent molecules. Were such to be the case 
a lower f should follow the greater r. In addition to other uncertainties already mentioned we 
cannot be sure that the variations of 5 P just reported have been of the kind we set out to study. 

To delimit the possible existence of a similar “ spectrum" with paraldehyde we have 
explored the effects of changing (a) the viscosity of the solvent or (6) the wave-length of 
measurement. In the following table we compare our results with those of the preceding 
Paper : 


type 
meter 
7 Wor 25 cm. s 
Mator 
50 osc/ 
| 
i 
t 
} 


{1950} in Non-polar Solvents Measured at 10 and 25 cm. 


The first two lines show that despite 60—70-Sold increase of viscosity, the total polarisation of 
paraldehyde is not diminished. It is similarly apparently unaffected by a change of measuring 
from 10° c.p.s. (300 m.) to 12 x 1 cps. (26 cm.). The reduction recorded at 
03 x 10° c.p.s. (10.cm.) may, however, be real since (i) it appeared also at finite concentrations 
whenever the same solution was successively examined at the two shortest wave- 
lengths, and (ii) it leads to reasonable estimates for the relaxation time: if Py. = 
+ /BkT() + then jet = — — 
oP, are the total polarisations observed at angular frequencies, 
the former wt is not negligible, »P is the distortion polarisation (44°5 c.c. for paraldehyde, 
cf. preceding paper), and + is the relaxation time (defined as @t = 1). From our data at 300 m. 
and 10 cm. (above), jar lies between 0°16 and 0-26, whence T,, = 8&—14 x 10° secs. That + 
is of such an order seems possible from comparison with recorded values for other molecules. 
¢g., camphor 6°2 x 10°** secs. (in cyclohexane at 30°; Whiffen, J. Amer. Chem. Soc., 1948, 70. 
2452), chloroform x 10° secs. (in benzene at 19° + 1°; Jackson and Powles, Tvans. 
Faraday Soc., 1946, 42, A, 101), or acetone 32 x 10 secs. (in benzene at 19° + 2°; Whiffen 


paper) are due to solvent influences and not to dispersion effects. 


EXPERIMENTAL. 


Measurements im Medicinal Paraffin —The solvent was a commercial 
over clean sodium wire for 2 oh 
our standard practice (cf. J., 
defined). Results are shown in the following 

21467* ©8510 -- 
2297 2-2193 08530 123-0 
* By direct comparison with benzene, 2:2725. 


From these, the maximum and minimum values for at, are 3-18 and 3-16, and for Bd, 0-0884 and 0-0845, 
whence oP, = 124—125 c.c. 

Measurements at 25 and 10.cm.—These have been made on co-axial equipment, the generators being 
apparatus is given in Fig. 2. Standard 5/8’ internal diameter 

holder and the standing wave indicator (the la’ was a US. War Dep 


ted down the line, reflected up through the liquid from the short-circuited 

a positions of voltage minima of the standing waves, with various depths of liquid in the 
line, are determined the distance of the minimum 
from the surface of the liquid, the wave-length in the liquid can found. The apparent dielectric 
constant then follows as (Age 

Since, in general, solutions were made up on different occasions and examined relatively to air—and 
not the pure solvent, as in ordinary di moment work—a separate determination of Cony See aie 
made in each case. Hence in the table, the magnitudes of C [= S/dylty + 28) and 
fe (= (ty — 1) /dele, + 2)) are not shown as the same for all solutions 
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Solvent. Viscosity, poise. Wave-length. le 
and Thompson, idid., p. 118). 
We conclude, therefore, that the variations of polarisation registered at 300 m. (preceding 
which had been stored 
on. Procedures followed 
symbols used below are 
P, (ce). 
08543 1213 
08549 121-6 
Paraldchyde in benzene. 
Wave-length < 10 cm. Wave-length ~ 25 cm. « 
1029 3482 4765 1029 3482 4765 
21-6" 21-3" 224° 224° 220° 
0-3389 0-3470 0-3305 60-3391 06-3378 
2-50 2-77 3-01 3-45 3-27 
104 103 108 126 121 
104 120 107 113 1% 120 
for the loan of apparatus, and the 
this investigation. 
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63. The Structure of Molecular Compounds. Part VII. 
Compounds formed by the Inert Gases. 


stable crystals contaming nearly 0%, 
converted into «quinol with liberation 


tem Ober 
liberates the gas. Other ~gas compounds are 


Iw the general series of molecular compounds of formula 3C,H,(OH),,.M, the component M 
may be argon. The first preparation of the compound was made by slow cooling of a solution 
of the components in benzene under 20 atm. pressure of argon (Powell and Guter, Nature, 
1949, 164, 240). The solvent was chosen as a result of previous experience in preparing the 
compound of quinol with carbon dioxide (Part IV, ]., 1948, 61), but the use of benzene results 
in a comparatively small yield owing to the low solubility of quinol in this solvent. The 
compound, being of the clathrate type, must be made from a solution containing dissolved 
molecules of the gas in sufficient concentration to cause the quinol molecules to separate out on 
cooling in the hydrogen-bonded cage form described as the 8-quinol type of structure (Palin 
and Powell, Part VI, /., 1948, 815). This form, different from the ordinary a-quinol, is 
produced in the presence of an appropriate concentration of a second component whose 
molecules are of suitable size to stabilise the cage structure in which they are enclosed. 

The present communication deals with new preparations and some properties of the 
products, The objects of these preparations were to obtain larger quantities of the material, 
to improve its purity, and to grow large single crystals for other investigations. 

In order to obtain a greater concentration of quinol than is possible in a benzene solution, 
ethanol or water was used as solvent. Methanol was avoided since its molecules, in contrast 
with those of ethanol, are small enough to be enclosed to form the compound discussed in 
Part V (Palin and Powell, J., 1948, 571). Water, which is used as solvent in the preparation 
of the quinol-sulphur dioxide compound, does not give a compound with quinol, but it was at 
first avoided since it had proved to be unsuitable in an attempted preparation of the carbon 
dioxide compound at a pressure of 50 atm. However, on trial with argon at somewhat lower 
pressure it has so far proved to be the best solvent. 

The general method of preparation consists in making a solution of quinol saturated at 
room temperature, placing about 30 c.c. of this in a stainless-stee! pressure vesse! together with 
a further portion of quinol approximately equal in weight to the desired yield of compound, 
washing out atmospheric gases, and applying a pressure of argon from a cylinder, raising the 
temperature by heating the vessel in a large water-bath, and then allowing the solution to 
crystallise by slow cooling. The argon pressure is maintained by suitable additions from the 
cylinder. 

The quantity of quino!l taken should be such that it will dissolve when the temperature is 
raised. Usually much less was used than would have dissolved, and even so, considerable 
amounts of «quinol sometimes came out with the compound. This is presumably due to 
a too rapid deposition of material with local impoverishment of the solution with respect to 
argon. The formation of the crystalline product takes place in the last stages of the cooling. 

The need for a high pressure of argon is due to the low solubility of the gas. In the absence 
of any strong interaction between argon and quinol, the clathrate compound is formed by 
arranging for an argon atom to be available in position at the surface of the growing crystal 
whenever a cage of quinol molecules links up through its hydrogen bonds. The pressure is not 
required to prevent dissociation, since once the argon atom is enclosed it is retained by the 
strength of its cages, so that if sufficient time were allowed for the growth of the crystal it 
might form from a solution of very low argon concentration. For ordinary rates of 
crystallisation, obtained by allowing the water-bath to cool in the air, the pressure required to 
prevent local impoverishment of the solution might be expected to be of the same order of 
magnitude as that which the argon contained in the crystalline product would have if its cage 
surroundings were removed. From the known dimensions of the cages, which vary slightly 
but in a predictable way according to the dimensions of the enclosed molecule (Part VI), the 
volume of crystalline substance of formula 3C,H,(OH),,A which contains one g.-atom of argon 
is calculated to be approximately 260 c.c. This quantity of argon in the form of a gas 
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By H. M, Powett. 

described. By crystallisation from water under 40 atmospheres’ pressure of argon large and 
y weight of argon are obtained. On heating they are 
‘ of the argon. The volume of argon measured at room 
erystals. Solution of the 

discussed. 


Photomicrograph of part of a mised product The large rhombokhedra are crystals of the arg m~quined 
compound, The needles are a-quincl, Magnification « 40, 


a 
/ 
[To face p. 209. 


the same volume at 15° has a calculated pressure of 91 atmospheres. The 
series of preparations has been made with argon at pressures up to 40 
of this type (Part V1), the quantity i 


needles, often striated lengthwise, tention, Differences 
in refractive indices could be used to distinguish the two matenals but were not much employed 


(1) From 60 c.c. of benzene solution at 34 atm., 0-4 g. of product (Found: A, 4. 
The product contained needle-shaped 
the 


of the argon compound in the form . The difference i 
as 


dismantied, was checked by the weight of water required 
When the bulb containing a portion of the 


pressures and at any time the mercury level cow its original position in order that the 
might be read for a fixed volume of gas. After the evolution of gas at higher tem 
iously observed at the lower tem: 
red with 762 mm. w 


slightly higher than the ity of argon one got at NTP). 
pure, and the discrepancy is due to the argon content of the specimen 
tly over-estimated. The behaviour has not been fully investigated but it 


ples of the argon compound 
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present 
| Asis 
that 
corresponding to the idea! formula owing to some cavities being left empty. The product of 
highest argon content so far obtained has the composition 3C,H,(OH),,0°8A, and therefore 
contains argon equivalent to a pressure of 73 atmospheres. 
Observations on some prepared samples are given below. Argon contents were determined 
either from the weight of quinol recovered after liberation of argon by dissolution of the 
materia! in ether, or by heating the substance to 130°. For heating, the material is contained 
in a closed vessel to avoid loss of quinol which slowly sublimes. After the vessel has cooled, 
the liberated argon is displaced by air, and the weight of quinol residue determined. The 
nature of the crystalline samples was also examined in other ways. Crystals of the quinol- 
argon compound liberate large volumes of gas when covered with methanol which dissolves 
quinol, and, although a-quinol crystals sometimes give off a small amount of gas, there is no 
difficulty in distinguishing the two. With the aid of the microscope, or without it in the case _— 
of large crystals, the argon-quinol crystals may be recognised by their stumpy hexagonal prism 
form with termina] rhombohedral faces, or by their occurrence as rhombohedra of the type Ps 
photographs give a sure proof of the presence of a component, and powder photographs were 
also employed for identification since a more representative sample of a mixed product 
is obtained by powdering a larger quantity. A preliminary trial showed that the compound 
is not affected by powdering. Differences of density make it possible to separate the 
constituents by flotation, but this procedure is not very effective since the densities vary on a 
account of variable composition, occlusions in the crystals, and the tendency of the crystals to 
form aggregates. 
EXPERIMENTAL. 
= 
io} together 
8 shown in 
of crystal 
are colourless and some of the argon-containing crystals are more needle-like than those shown in the 
photograph. This makes the separation difficult and the analysed portion is of uncertain purity 
crystals were o t but usually of a more stumpy those of e-quinol, from 
which they may also be distinguished by faces When Ghose ase 
; The product contained some «-quinol. 
A glass apparatus was constructed so that a known weight of the product could be placed in a bulb. 
A space above the crystals could be evacuated by means of a Hyvac pump and then isolated from the 
pump by a tap. The space, consisting of bulb and connecting tubes, was bounded by the surface of 
mercury in an attached manometer, and could be restored to a fixed volume by manipulation of the 
when a known mass of air was admitted from a second bulb, . after the apparatus had been 
to fill it, with allowance for the volume of crystals. 
could be followed by observation of the manometer. The pressures observed were not equilibrium = 
observed, and this rose in the course of 5 minutesto 39mm. Forty minutes later, after the temperature 
had been taken to 100°, the pressure recorded on restoring the temperature to 70° was 391 mm. The 
liberation of argon is very nearly c at 130°, and at this temperature the solid has been converted 
into e-quinol the temperature watil the quinol melts ravers no appreciable change inte 
total amount of gas. The final pressure of the gas, at the fixed volume, was measured at room 
temperature. and, since the mass of gas liberated from the original weighed antity of material was 
sually 
slight 
loss of wieght occurs slowly when certain sam are kept cither in the 
atmosphere or in a desiccator. It may be due to the removal of gmail amounts of adhering solvent or 
to the escape of some argon. In either case this would mean that the true argon content of a sample 
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fact that the sta prepared retains argon effectively at 
of the concept of clathrate compounds. A fuller ton of the — of the argon atom to 
surroundings is to be given with the crystal structure tion of the compound. 
ments were made concerning other possible compounds of similar type. 
atm. grenade beet ow’ and in every case a preparation which had 
‘ ted with the substitution of another substance 
for quinol or for argon. The crystalline siedoute we were dissolved in suitable a and in no case was 
there any evolution of inert gas. Thus no compound was formed between 
-phenylenediamine from solutions. Substitutes 
o 


exact prediction does sot seem 

belium from benzene solution. 

explained by the small effective size re the helium atom, well known for its power of penetrating smal! 
The compound does not form because the helium atom cannot be retained by the quinol cages. 

% further attempt to prepare the helium-quinol compound in more favourable conditions is projected. 

It is pot known whether neon will give a compound with quinol; it seems certain that the heavier inert 

gases will do so. Examination of these possibilities is intended. 


The author thanks the Research and Development Department of the British Oxygen Company for 
their encouraging interest and for a supply of pure argon. 
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64. The Structure of Molecular Compounds. Part VIII. The 
Compound of Krypton and Quinol. 
By H. M. Power. 


By pte of an aqueous solution of quinol under 20 cally 3 of krypton 
the clath ofc ition 3C,H,(OH),,0-74Kr (ideal! oH, ( IH), Kr) is obtained 
in a form similar to that of the : corresponding argon compound 


Tue general series of clathrate compounds of ideal formula 3C,H,(OH),,M formed by quinol 
with a variety of substances M, which in their ordinary states at room temperature may be 
volatile liquids or gases, owe their existence to the formation by quinol, in the presence of the 
second component, of a special cage-like structure which imprisons single molecules M each in 
its own cavity. No ordinary chemical bonds are needed between quinol and the other molecule, 
From the general properties and modes of formation it was suggested (Part IV, J., 1948, 61) 
that the inert gases would form such compounds if a solution of quinol under high pressure of 
the inert gas were allowed to crystallise. The argon compound has already been 
(Powell and Guter, Nature, 1949, 164, 240; Powell, Part VII, preceding paper), but the helium 
compound appears not to exist. As discussed in Part IV, the enclosed molecule must satisfy 
certain requirements of size and shape. It must not be too large for the space available in the 
cavity although minor modifications in the shape of the enclosing quinol framework may be 


from which the argon was released and measured would be less than that derived from an analysis 
carried owt before the material was used, and thus would lead to a high value for the density. 

single crystals in the form of hexagonal prisms with i rhombohedron faces. Some of these 
crystals were nearly | cm. long and several mm. in breadth. ee ee 
«-quinol which always form as very thin needles. Separation of two products could therefore be 
pe pm men pm the same, the weight of product was varied by variation of the quantity 
pod np in the preparation. A yield of 6 g was separated into nearly equal weights of a-quinol 

the compound ; be. ot of the compound and very little a-quinol. 
However, the relative amounts of e-quinol and the compound obtained in different preparations in 
similar conditions were not constant, and it seems probable that the proportions are sensitive 
to conditions such as the frequency of formation of crystal nuclei which were not accurately controlled. 
of the two constituents as formed from aqueous solution ensures 
an uncontaminated yield of the compound. The argon content in a typical sample was 88%, 
corresponding to 0% of the maximum possible argon content. An even greater proportion of occupied 
cavities may be expected with the more soluble heavier inert gases and the corresponding xenon 

: rystals of the argon compound have been preserved for weeks without visible change but some 
further examination of the keeping properties of the compound. Small quantities of solvent, which 
successive attacks on different parts of the structure may detach quinol molecules, 
the liberation of argon. It seems probable that in suitable conditions the compound - 
convenient portable source of argon, and the compounds of the heavier inert gases could 
{Recived, September 200, 1940. 
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not completely fill 


as methy! cyanide the quinol structure distends in the manner of a piece of trellis. 
of the inert-gas atoms the undistended form is to be expected and has been found 
compound. The absence of a helium compound is attributed to the smal! effective 
of the atom, which could escape through a hole in the cage walls provided by six oxygen 


raised to 95° in order to dissolve the additional quinol, and the solution allowed to cool during 
12 hours. The product consisted of crystals, some several mm. in thickness, similar in 
needles of a-quinol which also came out. A complete separation could not be made, and an 
analysed sample probably contained a small proportion of a-quinol. When heated to 120° 
with precautions to prevent loss of quinol by volatilisation, it lost 14°3% by weight. This 
corresponds to a composition 3C,H,(OH),.0°67Kr. As was expected, a somewhat higher 
krypton content was calculated from the density of a single selected crystal of the compound. 
This gave by flotation d — 1°51 g./c.c., and for a unit cell of the same size as the argon compound 
this corresponds to 15°8°% krypton content, i¢., a composition 3C,H,(OH),0°74Kr. Thus 
about three-quarters of the available cavities are occupied by krypton atoms, This may be 
compared with the 80% occupancy in the argon compound made in similar conditions but 
under 40 atmospheres’ pressure. The procedure of the preparation excludes all possibility of 
anything but krypton being available for enclosure, and the high density cannot be explained 
except by the presence of these heavy atoms. Addition of methanol to the crystals causes 
dissolution with vigorous effervescence owing to liberation of krypton. 

The author expresses his thanks to the British Oxygen Co., who provided a cylinder of krypton at 
the required pressure. 
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65. The Eatont of Dissociation of Salte in Weter Part XII, Calcium 
Salts of Some Amino-acids and Dipeptides. 
By C. W. Davies and (Mrs.) G. M. Warp. 


The calcium ion has a marked tendency to associate with the anions of e-amino-acids in the 
following way: Ca” + A’ = CaA’. The stabilities of a number of such association products 
of calcium amino-acids and dipeptides are reported and discussed. 


In a previous (J., 1938, 277) it was shown that the aminoacetate anion, like the anions 
of has a strong tendency to associate with the calcium ion in aqueous solution, 


the cavity, the two interpenetrating hydrogen-bonded quinol frameworks, which together 

form the walls of the enclosing cavities, adjust themselves to the equilibrium positions that 

they would occupy in the absence of any enclosed component, but for non-spherical molecules 

ench 

the 

size 

atoms linked through hydrogen bonds of length 2°75 a. along the sides of a plane hexagon. 

As shown in Part VI, a very slight distension of the quinol structure occurs when the methanol 

molecule is enclosed, and a molecule considerably larger than that of methanol, ¢., methyl 

cyanide, will fit into the cavity by arranging its length in a way that fits the surrounding 

structure. The van der Waals radius for a CH, group in crystals is about 2 a., and it is therefore 

expected that spherical] atoms of this size and somewhat larger will be enclosed and retained by vs 

the cages. From crystal-structure examinations the radii of the inert-gas atoms (for 

temperatures at which these substances solidify) are Ne 1°61, A 1°90, Kr 20, Xe 22a. The radii 

for room temperature will be somewhat greater. The krypton atom, intermediate in size 

between argon and the methyl group, should therefore form a compound, and it seems probable 

that the xenon atom which is not much larger than a methyl group will be capable of enclosure 

in the same way. The solubilities in water of the inert gases increase with increasing atomic 

number, and since the higher solubility increases the chance of an inert-gas atom being available 

in the right place for enclosure, it may be expected that the compound will form more readily 

the higher the atomic number. 
The krypton compound has now been prepared. 60 C.c. of a solution of quinol in water 

saturated at room temperature were contained in a pressure vessel with a further 2 g. of quinol. 

A pressure of 20 atm. of krypton was applied from a cylinder of the gas. The temperature was 
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it was that chelate structure | was possibly responsible for this. 


We have now extended this work to a number of other amino-acids and dipeptides at 25°, using 
the same method as before: the enhanced solubility of calcium iodate in a solution of the 
sodium salt of the amino-acid gives, after correction for interionic effects, a direct measure of 
the association of calcium with the added anion. 


titrations were carried out on 10-ml. samples of the saturated solution. 
titrations of their solutions — fection of Jordan using an pH's 
ter than 9, and corrections and Taylor 1946, Stock tions of 
colts weve thes ade cbenved 


made up in accordance with 


Results.—-These are given in the table. Col. I shows the concentration of the added salt, and 
col. 2 the measured solubility of calcium iodate hexahydrate, both in millimols. per litre. Col. 3 — 
the calculated dissociation constant, K fo [A] being the concentration of the 
added anion. The calculations were made as in the earlier . The saturated solution contains 
Ca”, 10,', Na’, A’, and their possible association products, calor. N NalO, and CaA’; NaA was assumed 
to be completely dissociated. The composition of the solutions was obtained by oe 
approximations from the known dissociation constants of CalO,, K = 0-13, and of NalO,, K = inn, 
and from the solutilit uct 7-119 x using Davies's activity 
2093). In the case of the disodiam glutamate solutions, which are extensively pee low: 
had also to be made for the species OH’, CaOH", HG’ and CaHG’ (G representing the doubly charged 
glutamate ion) 

Greenwald (J. Physical Chem., 1939, 48, 379) has studfed the association between magnesium 
and aminoacetate (glycine) ions, and has concluded that the formulation : Mg * + 2G’ == MgG, 
fits the data better than does Mg” + G* => MgG"; this is contrary to the assumption we have 
used here and in the earlier paper quoted above. The data available to Greenwald were not 
very numerous or concordant, and our long series of solubility measurements with alanine was 
carried out to test the two possibilities more thoroughly. It will be seen that the K values 
derived for the CaAl’ ion leave little to be desired as regards constancy, and we conclude that 


EXPERIMENTAL. 

in the manner described Pay UJ., 193a, . 277). Where only smali amounts of saturating 
salt were available, as with the dipeptides and di-iodotyrosine, a smaller saturator was used, and the 

m. K. K. m. s. 
Sodswm aminoacetate. Sodium salt of glycylglycine. Sodium hippurate. 

0 11-65 851 0-060 24-15 8-76 0-42 
28-35 955 0-037 13.06 8-56 0-053 25-14 8-8! O35 
66-70 10-81 0-037 23-10 904 0-053 48-36 9-45 0-35 
4-70 0-039 34-85 9-55 0-060 50-22 9-48 0-37 

1496 i377 0-036 48-52 10-05 0-061 
Mean 0-37 
Mean 0-037 Mean 0-057 
Monosodium glutamate. 

Sodium a amimopropionate. Sodsum salt of alanyigiycine. 22-22 8-87 0-071 
19-62 O86 0-057 61-22 9-83 0-22 23-00 9-06 0-060 
Sodium salt of leucyighycine 7 Hed 0-067 

46-4 

42-17 9-85 0-059 52-55 9-61 0-20 90-26 11-06 0-068 

08-64 11-58 0-060 35-89 9-98 0-034 Disodium glutamate. 
109-6 11-70 0-060 ‘tianlian 5-62 8-68 0-0092 

Mean 11-42 9-34 0-0096 

Mean 0-058 ried 21-43 10-42 0-0080 

salt of 22-49 10-44 0-0083 

Sodium salt of di- 

Mean 
66-10 10-68 O40 

Mean 0037 Mean 0-029 
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up to a concentration of @ lm. the tendency for association to go beyond the first stage is 
negligibly small. This agrees with what has been found previously for the association between 
the calcium ion and the anions of e-hydroxy-acids (/., 1939, 279). 

Of the eleven series of measurements reported in the Table, those involving the glutamic 
acid salts must be considered separately. The value K = 0-0088 for caicium glutamate comes 
between the dissociation constants found by Topp and Davies (/., 1940, 87) for calcium succinate 
(0-010) and calcium adipate (00064); there is no evidence that the amino-group exerts any 
influence in this case. In the monosodium glutamate solutions the anion 1s believed to be 
mainly CO,“CH,CH,yCH(NH, )-CO,’, and this, in its association with the calcium ion, is not 
comparable with the other anions studied. In seeking for relationships between dissociation 
constant and structure, the data for tyrosine and di-iodotyrosine should also be excluded from 
the comparison. Both these compounds contain phenolic groups, and although the apparent 
constants reported in the table seem satisfactory, it is probable that neither is really a true 
constant for a single dissociation process, since the solutions studied will contain both 
CO,-CH(NH,)-R-OH and CO,’-CH(NH,')-R-O’ (where R represents the remainder of the 
molecule) 


The remaining seven constants all refer to univalent cations which will dissociate into Ca” 
glycine salt, which is certainly abnormally weak, to K = 0-37 for the hippurate, where the 
benzoylated amino-group would not be expected to exert any influence, and which is almost 
completely dissociated in dilute solution. So far as the figures go, they are consistent with the 

Ry NHR. 
following two hypotheses : (a) that the tendency to form a chelate structure | is 


rapidly reduced by weighting the glycine molecule with extraneous groups R or R, ; od 
that the possibility of a tridentate configuration will enhance the tendency to associate with the 
calcium ion; this would account for the low constants foand for serine and glycyiglycine, where 


and would 
the structures be possible 


Eowarp Davies Laporatonins, 
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66. Codehydrogenases. Part 1. The Synthesis of Dihydronicotinamide- 
p-ribofuranoside [N-p-Ribofuranosidyl-1 ; 2(or 6)-dihydronicotinamide). 
By L. J. Havwes and A. R. Topp. 

As a first step in a projected synthesis of cozymase, 


been prepa bromides and their reduction products, the dibyd droni de glycosides, have 
including a dthydi D de side (N- -D-ribofuranosidyl- 1: 6)- 


aimed at the clarification of structural problems in the nucleotide field by application of synthetic 
methods. One of these problems is the verification of the structures proposed for the so-called 
nucleotide coenzymes (adenosine di- and tri-phosphates, coenzymes I and II, and flavin-adenine- 
dinucleotide). Investigations leading to the synthesis of the natural purine and pyrimidine 
ribonucleosides and the development of methods of phosphorylation and 

have been described in papers published in this Journal (for summarised accounts see Todd, J., 
1946, 647; Lythgoe and Todd, Symp. Soc. Exp. Biol., 1947, 1, 15; Todd, Bull. Soc. chim., 1948, 
933). On the basis of these studies it was possible to effect the total synthesis of the 
cophosphorylases adenosine diphosphate (Baddiley and Todd, J., 1047, 648) and adenosine 
triphosphate (Baddiley, Michelson, and Todd, Nature, 1948, 161, 761; /J., 1949, 682). In 


<7 | 
nateral cozymase. The formation of two (probably @ and #@) womeric ghucosides by con- — 
densation of nee teeny ng with nicotinamide has been observed, and it is shown that 
quaternary glycosides can be formed from nicotinamide with both cis- and frans-acetobromo- 
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continuation of our studies we have now devoted attention to the problem of a synthesis of 
corymase (coenzyme I, codehydrogenase 1, diphosphopyridine nucleotide), which acts as 
coenzyme in a number of biological oxidations. As a result of researches by von Euler, Schlenk, 
Warburg, and Karrer (for review see Lythgoe, Ann. Reports, 1945, 42, 175) structure (I) has been 
advanced for cozymase mainly as a result of degradative work on this substance and the related 
coenzyme II (codehydrogenase I1, triphosphopyridine nucleotide). Although the evidence for 
structure (1) seems conclusive, a total synthesis would be very desirable, not merely for purposes 
of confirmation, but also because it might make the substance more accessible in a pure condition 
and because it might be possible to apply the synthetic method to the production of a variety of 
structural analogues with which some study of the specificity of the coenzyme might be 
undertaken, or antagonists to it be discovered. 


YH, 


« 


CH,O-—-f— H——OH 
H-----— -—~ 
CHyOR 


The problem of a total cozymase synthesis in its most elementary form resolves itself into 
three parts: (1) the synthesis of “ nicotinamide nucleoside (I1; RK =< H) and adenosine 
(IIL; R = H), (2) the phosphorylation of (LI) and (III) to the corresponding nucleotides [II ; 
R « PO(OH),) and [IIl; R = PO(OH),), and (3) the linkage of these nucleotides to yield 
cozymase. Of these various parts, adenosine (III; R = H) (Davoll, Lythgoe, and Todd, /., 
er 967; Kenner, Taylor, and Todd, J., 1949, 1620) and adenosine-5’ phosphate [III; 

» PO(OH),) (Baddiley and Todd, Joc. cit.) have already been synthesised. The present 
prelites me deals with the synthesis of the dihydronicoti de riboside (IV). In (IV) the 
formulation as a | ; 2-dihydronicotinamide derivative is arbitrary; whether it is a 1: 2- or 
1 : 6-dihydro-compound is at present unknown (cf. Karrer, Schwarzenbach, Benz, and Solmssen, 
Hele. Chim. Acta, 1936, 19, 811; Karrer, Schwarzenbach, and Utzinger, idid., 1937, 20, 720). 

The first recorded synthesis of a glycosidylpyridinium salt is due to Fischer and Raske (Ber., 
1910, 43, 1750), who prepared N-2’ 3’ 4’: 6’-tetra-acetyl p-glucosidylpyridinium bromide by 
allowing a-acetobromoglucose to react with pyridine in presence of phenol. In the course of the 
researches leading to the formulation of cozymase as (1) and the recognition that the active 
centre of the molecule in biological hydrogen transfer is the quaternary ammonium grouping 
(reversible reduction to a dihydro-compound), Karrer, Ringier, Biichi, Fritsche, and Solmssen 
(Hele. Chim. Acta, 1937, 20, 55) extended the work of Fischer and Raske to the preparation of 
several related compounds. Acetobromoglucose, acetobromoarabinose, and acetobromoxylose 
were condensed with nicotinamide in dioxan solution and, in the case of acetobromoglucose, 
condensations were also carried out with other derivatives of nicotinic acid. In these experi- 
ments the preparation and purification of the pentose derivatives seem to have been troublesome, 
since analytical values are recorded only for the nicotinamide arabopyranoside. These 
quaternary salts showed oxidation-reduction properties similar to those of cozymase. That the 
nicotinamide—ribose linkage in cozymase was similar to that present in the synthetic materials 
was later shown by enzymic hydrolysis of the coenzyme with the nucleotidase obtained from 
sweet almond press-cake. This hydrolysis yielded adenosine and a “ nicotinamide nucleoside " 
which, although devoid of coenzyme activity, showed properties analogous to those of Karrer’s 
model substances. The “ nicotinamide nucleoside ‘' was an amorphous hygroscopic powder 
which retained moisture even when dried in a high vacuum (Schlenk, Naturwiss., 1940, 28, 46; 
Swensh Ahad, Kemi, 1941, 14, A, 13; J]. Biol. Chem., 1942, 140, 619; Arch. Biochem., 1943, 3, 
93; Schlenk and Gingrich, J. Biol. Chem., 1942, 143, 205; J. Bact., 1944, 47, 535). 

We have further extended Fischer's synthesis to include the preparation of quaternary salts 
from nicotinamide and acetohalogeno-derivatives of D-mannopyranose, p-galactopyranose, and 
p-ribofuranose and have repeated the preparation of the D-glucose and L-arabinose derivatives 
already described by Karrer ef ai. (loc. est.) The successful formation of a quaternary salt 
from a-acetobromo-p-mannopyranose calls for some comment. It has been stated by Micheel 


(pon, NH, 
H——OH 
H——OH ‘ 
CHYOR CHyOH 
av.) 
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and Micheel (Ber., 1930, 68, 390; 1932, 65, 253) that acetohalogeno-sugars, in which the halogen 
atom on C,,, is in the #rans-position with respect to the acetyl groups at C,,, and C,,,, will not 
react with tertiary bases to form quaternary salts, and that reaction with a tertiary amine to 
form a quaternary salt is diagnostic of a cis-acetohalogeno-sugar. Acetob 

pyranose has, of course, a trans-configuration, and since it does form a quaternary salt with 


nicotinamide it is clear that the rule of Micheel and Micheel is not absolute. The German 
workers based their conclusions on experiments in which they attempted to cause acetobromo- 
mannose, , and other acetohalogeno-sugars to react with trimethylamine 
in benzene, ethanol, or a mixture of these two solvents at room temperature or in sealed tubes 
at 100°. Examination of their results shows that, in experiments where no quaternary salt 
was formed, either starting materials were recovered 

decomposition 


40 50°. 
comparatively little nicotinamide hydrobromide was formed and 3-carbamyl-N-2’ : 3’ : 4’ ; 6’- 
tetra-acety|-p-mannopyranosidyipynidimium bromide was produced in a yield of some 60°. A 
series of experiments on the general problem of the formation of quaternary salts from nicotin- 


amide and acetohalog ugars showed that acetofl ugars are too unreactive to undergo 
either quaternary salt formation or dehydrohal tion, while acetochl (including 


2-acetochloro-pD-glucopyranose) Teact more slowly than the 


when 
Higher temperatures favour dehydrohalogenation, and in the case of the eat 
bromo-sugars a difference of 30-—40° in temperature may mean that the quaternary salt is formed 
almost exclusively or not at all. The “ rule“ of Micheel and Micheel has thus no general 
as a means of determining configuration in an acetohalogeno-sugar. Fischer and 
Raske (loc. cit.) reported that two forms of the quaternary acetylated glucoside were produced 
by condensation of pyridine with 2-acetobromo-p-glucose. These two forms differed markedly 
in their physical properties. the first ({a)f — 643°) being a crystalline compound, insoluble 
or sparingly soluble in organic solvents, and the second ((2)) = + 16-2") an amorphous, very 
hygroscopic solid, easily soluble in methyl! ethyl ketone but insoluble in ether. We have ans 
that the condensation of nicotinamide with a-acetobromo-p-glucopyranose in methy! cyanide 
solution proceeds similarly ; in addition to the crystalline compound ((a)}f = — 183°) isolated 
by Karrer et al. (Joc. cit.), it is possible to isclate an isomeric substance as a very hygroscopic 
amorphous solid, easily soluble in methyl cyanide, chloroform, and ethanol, and insoluble in 
ether ([a)}? = +209°). These two products are almost certainly «,$-isomers. With other 
acetobromo-sugars we obtained only amorphous glycosides and in no case were we able to obtain 
two distinct compounds; the possibility that some of these amorphous products may be 
mixtures of a- and 6-forms cannot be excluded. 
ose, acetobromo-p-galactopyranose, 
pyranose with sodium dithionite yielded the 
glycosides which could be readily reoxidised. It was found to cane to carry out these 
reductions in an inert atmosphere and to avoid undue exposure of the products to light. The 
acetylated dihydro-glycosides were readily deacetylated with methanolic ammonia. With 
the exception of the glucose derivative already described by Karrer et al. (Joc. cit.), all the com- 
pounds prepared were amorphous and hygroscopic and have so far defied all attempts at 
crystallisation; in the case of the quaternary salts, variation of the acid radical also failed to 
yield crystalline products. There can, however, be little doubt of their homogeneity, since 
repeated fractional precipitations gave products which showed no significant differences in 


which was also 


In our early attempts to condense nicotinamide with «-acetobromo-p-mannopyranose 
(which we selected as a model compound in view of the configurational! similarity of mannose %., 
and ribose), the two compounds were heated together under reflux for some hours in methy! 
cyanide solution. Although this procedure had given an excellent yield of quaternary salts with , 
2-acetobromo-pD-glucopyranose, no quaternary salt was formed, the main reaction being Pa 
corresponding bromo-compounds 
| 
Day sica Characteristics acne w qua eTmmar©ry acetvia 
galactoside gave bromide, 
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and from this product dihydronicoti bof 
ds} (IV) was prepared pale yellow amorphous 


acetylated 

with twi e ite weight of a solution of hydrogen in glactal acetic acid (saturated at 0°) for a period 
of 2 howrs, during which time the sohd ee dissolved. Chloroform was then added, and the 
solution poured on ice, i, and hed with ice-water until the washings were neutral to Congo-red. 
The chloroform solution was dried (Na,SO,), and the solvent evaporated under reduced pressure The 
resktual syrup was taken up in dry ether, dry light petroleum added to faint cloudiness, and the solution 
set aside at O° for some hours The acetobromo-sugars crystallised in good yield and were sufficiently 

Carbamyl-2) Bromide —Ethylene bromohydrin (10 g., 1 mol.) and nicotin- 
0-08 mol.) were refluxed in ethanol during | hour. The solvent 
rowkt: gam caused to solidify by rubbing it with a drops of ethanol. The 
17-6 g., 87-6%) was thos obtained as a white crystalline powder, m. p. 141-144". 

methanol by addition of ethy! acetate the m. p. rose to 148° (Found: C, 302; H, 45. 
C,H, ,O,N, Br requires 38-0; H, 45%). 

Carbam arbamyl-N-(2". 3°: 4’: @-tetra-acetyl D-glucopyr amie meee gently cf. Karrer et al., loc. 
—Acetobromo-. v-gluce (15 g.) and nicoti were gently xed in dry met 
cyanide (70 c.c.) during 34 hours. A crystalline precipitate separa The mixture was then 
overnight and filtered. 3-Carbamyl-N-(2': 4: @’-tetra- racetyl 
bromide (13-78 ¢.. 71%) was thus obtained asa white 
addition of ethy! acetate as colourless plates, m. p. I (Karrer ef al., loc. give m. p. 
192.200", decomp.), («ff — 183° (¢, 25 in water), The filtrate was evaporated, to dryness under 
reduced re, the resulue, a dark oil, was taken up in chloroform (30 c.c_) and filtered, and anhydrous 
ether (150 «.c.) added. A white precipitate separated. This was washed well with ether and dried 
in peewe, From its analysis and properties this material appeared to be an isomeric 3-carbamyl-N- 

)D-glucopyranosidy bromide (3 g., 15 ) (Found: C, 45-3; H, 
requires C, 45-1; H, 47%), +20-9° (c, 2-5 in water 

T ctva-acetyl &) > glucopyramossdy. @)-dihydr ide (cf. Karrer 
4 “A of sodium hydrogen carbonate (150 ¢.) in water (2) 1.) was saturated with 
carbon dioxide. The crystalline quaternary acetylated glucoside (20 g.) was then added. When this had 
completely dissolved, sodium dithionite (100 g.) was added. A brilliant yellow colour immediately 

and there wasa vigorous effervescence. The solution was set aside o ee in darkness, during 
which time a bulky precipitate of matted needles separated. On filtration and washing with water, 
N-(2': 3: @ @ -tetra-acety!l 2for 6)-dihydronicotinamide (12-85 g., 75-56%) was 
obtained as a pale primrose-yellow solid, Me Yh. ye which after recrystallisation from water had 
(Karrer ef al, loc. ctt., give m 157158"), = —11-1° 08 in chloroform). 

@ Tetra-acetyl (e)b- anosidyl)-1  2(or @) - 
crystalline quaternary acetylated glucoside (1-86 g.), dissolved in an aqueous solution (200 of 

y wmens rogen carbonate (20 ¢.) which had been saturated with carbon dioxide, was treated with sodium 
a thionite (10g). A brilliant yellow colour immediately appeared and there was a vigorous effervescence. 

The solution was set aside overnight in darkness. No precipitate separated. The solution was extracted 
several times with chloroform, and the combined extracts washed with water and dried (Na,SO,). 
chloroform solution was concentrated to small bulk under reduced pressure, and a large excess of dry 
light petroleum then added. A flocculent yellow precipitate na The bulk of the mother- 23 
was anted, and the reskive dried N-(2": 3’: 4: 


1: 2lor (0-70 , 46%) was thus obtained as yellow 
oS easily soluble in most organic solvents, but insoluble in tis { 
9, N 


Cc, 


Dg Bromide —Acetobromo-b- 


306 
(2 S-triacetyl p-ribofuranoside) 
6)-dshydr 
hygroscopic powder by deacetylation. tO say With Certainty 
synthetic product is identical with Schienk's dihydronicotinamide nucleoside, since the latter 
has been rather inadequately characterised, and in the absence of direct comparison the 
configuration of the natural product is, of course, unknown, although, since the natural 
purine and pyrimidine ribonucieosides have the $-configuration at the glycosidic carbon atom, 
one might well expect that the nicotinamide nucleoside would also be a S-compound. We 
incline to the view that the synthetic riboside we have obtained is, in fact, identical with 
the natural product on the following grounds. Schlenk and Gingrich (loc. cit.) have shown that 
nicotinamide nucleoside will replace coenzyme-I as a growth factor (V factor) for Hamophilus 
influence and H. parainfluensa, an effect not shown by nicotinamide or nicotinic acid. Tests 
: carried out by Mr. D. A. Hughes of Sheffield University have shown that our synthetic dihydro- 
Pe nicotinamide-ribofuranoside shows a similar effect, having an activity roughly half that of 
coenzyme-I on a molar basis. 
™ EXPERIMENTAL. 
ea Analytical samples were dried tm vacuo over oxide at room temperature for several 
petroleum refers to the fraction of p. 40-60" ) 
A -—Acetobromo-D-glucopyranose, -D-mannopyranose, -p-galactopyranose, and 
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requires C, 44-4: H, 48: 2° 1.2 in water) 

ly ternary acetylated 
Concentrated hjdrobromic (0 cc), and the 
Gnder reduced pressure tov to ath 


of anhydrous The 


Cally OH requises C, 


N-(2’ Tetra-acetyl dyl)-1: 2\0r quaternary 
acetylated yaiactonide 13 was dinolved ina saturated solution of hydrogen 
carbonate which had bees saturated with carbon dioxide. Sodium dithionite was added; a brilliant 
yellow colour immediately appeared and there was a vigorous effervescence. The solution was set aside 
overnight in darkness. No precipitate separated. The solution was 4 times extracted with chloroform, 
trated to small bulk under reduced pressure, and a large excess of dry light petroleum added. A slightly 
— yellow precipitate formed which broke up to a yellow powder on vigorous shaking of the mixture 

mechanical shaker. The mixture was set aside for 14 days, and the precipitate collected. 
3°: : @-Tetra-acetyl 1 b-galactopy dyl)- 2(or 6)-dihydronicotinamide (10-48 g., 77%) was 
cyanide, i 
It could not be cry and became a at ca. 60° (Found: C, 53-3; H, 
Acetobromo-p- 


(10 1 and picotinamide (8-4 1-15 mols.) in methyl cyanide (60 c.c.) were kept 
at 60° 7 hours and then at room temperature for 48 hours. The solution was then cooled to 0° and 


filtered from separated nicotinamide h (0-85 g.). Evaporation of the fitrate to dryness | under 
reduced pressure gave 3-carbamyl-N-(2’ 3’ 4 6’-tetra-acetyl D dyl) pyr 
asa very h foam which was soluble in chloroform, alcohol, and water and 


ygroscopic unc 
insoluble in ether, ethy! acetate, and li as. The material was purified as described tor the 
galactose derivative (Found ; C, 44-4; H, 48; N, 5-4. ON, Br requires C, 45-1; H, 47; x 
ON 44-4; 48; N, 5 
: 6'-Tetra-acetyl D-man anosidyl)-1 : 2(or 6) -dihydromicotinamide — 
i's saturated aqueous (700) of hydrogen 


carbonate which had been saturated with carbon dioxide. Sodium dithionite (25 was ,a 
brilhant yellow colour there was a brisk effervescence. solution was 


mols.) in methyl! cyanide (60 c.c.) were kept 
Separated nicotinamide hydrobromide 


; 
acetone, and water, but insoluble in ether, 
m (Found: C, 433; H, 47; N, 68 ,O,N,Br requires C, 443; H, as: N, 61. 


requires C, 43-4; H, #7; 
2°: 3’: 4’-Triacetyi ~arabopyranosidyl)-1 : : 2(or 6)- ihydronicotinamide —The 
dithionite 


(0-1 | was obtained a8 ight: ood 


for 


hours at 0°. 


(1950) | 
set aside for some hours, and then filtered to remove separated nicotinamide bydrobromuide (0-71g). The 
filtrate was evaporated to dryness under reduced pressure. 3-Carbamyl-N-(2" : 3°: 4; 
D-galactopyrancsidy!) pyridinium bromede was thus obtained as a very hygroscopic solid foam,” solu 
retained solvent tenaciously (Found: C, 41-4; H, 5-5; N, 71 
N-(2': 3°: 4 : @-Tetra-acetyl D-mannopyranosidy!)-1 2(or 6)-dihydronicotinamide (4-1 g., 88%) separated 
as a light-yellow hygrosc solid whic h could not be crystallised (Found: C, 509; H, 50: N, 6-6 
Cog requires C, H, 6-8; N,@2. requires C, 50-9; H, 5-9; N, 5-9%). 
3-Carbamyi-N-(2' : 4’ -triacety! 
pyranose (10 g., | mol.) and nicotinamide (3-6 g 
at 80° during 5 hours and then ones at 0”. 
filtered off, and the solvent evaporated from the filtrate under reduced pressure. The foam so obtained 
was purified by solution in chloroform and precipitation with ether as previously described. 3-Carbamyl- 
N-(2* : 
powder 
quaternary acetylated 
al ken carbonate solution 
6)- 
and 
; 
Karrer ¢t al., loc. cit). The diuydro-acetylated N-glycoside was dissolved in methanol (dried by 
and set aside El 24 solvent was evaporated under reduced pressure to leave a yellow 


N- osidyi-I 2tor (00%), m. 
ph loc. cit., give m. p. 203-205", - + 
dyi-t or 6)-dihydromcotimamide (96%) (Found C, 48-9: H, 
25 im water); (or 
C, 486; H, 64; N, 63. Cai, os. 


requires C, 480; H, 66; N, 5); ‘a 
(Found C, 503; H.65, N.102 C,H N, 110 
ires C, 50-0; H, 64: N, 16-6%). 


N-(2': &-Triecetyl solution of aceto- 
bromo-p-riboferanose [from tetra-acety! D-riboferanose (2-35 (Howard, Lythgoe, and Todd, / , 1947. 
1082) in dry methyl cyanide (15 cc.) was cooled to 6° and to a solution of nicotinamide (2 g.) in 
the same solvent (125 cc.) at O°. The solution was kept at 0° for 24 hours and then filtered from 
precipitated cicotinamide hydrobromide (140g). The filtrate ated to dryness under reduced 
pressure at room temperature The residue was dissolved in d (15 c.c.), the solution filtered, 
and excess of anhydrous ether added. The precipitat powder was washed by decantation 
3 times with anhydrous ether, On om vacuo the crude quaternary glycoside (1-4 ) was obtained 
as an extremely hygroscopic, powder. The ) was dissolved in a 
saturated aqueous solution (175 ¢.c.) of sodium heviengen @ which had been saturated with 
carbon diouide, and the aqueous solution was again pars with Sodiam dithionite 
(6) was then added, « brilliant yellow colour immediately developed and there was a vigorous 
eflervescence. The solution was set aside for 24 hours in darkness and extracted 6 times with chloroform. 
A nitrogen atmosphere was maintained wherever bie. The c d chloroform extracts were 
washed with water, se },), and evaporated ‘under reduced pressure. The resiciue, a solid foam, 
was chioroform solution with light petroleum. The N- -triacety! 

(or so obtained was a pale yel h ic, 
C, 620; H, 50; N, requires C, 53-5; 

Ribofuranosidyl-| 6) -dshydr tinamide.-The above acetylated glycoside (0-38 was 
dissolved in anhydrows methanol (50 ¢.c), and the solution cooled to 0°, saturated with anhydrons 
ammocia, and stored overnight at 0°. The solution was then concentrated under reduced pressure to 
small bulk, and excess of dry ethy! acetate (76 ¢.c.) added. The mixture was set aside for several da 
to age the precipitate, which was then washed thoroughly with dry ethyl acetate to remove acet 
Piitration gave 1: as a pale yellow amorphous powder, 
which could not be Pound; C, 48-3. H, 66; N, #7. Cull 51-6; H. 
63, 100 requires C, 48-3; H, 66; N, 102%). | 10 in water) 
The material was very soluble in water, and insoluble in eth 1 acetate, light sandiion, ether, and 
chloroform, it was very hygroscopic and readily oxidised to a brown gum when moist. 


We are indebted to Messrs. Imperial Chemical Industries Ltd. and Roche Products Ltd. for grants 
and gifts of material and to Mr. D. A. Hughes for microbiologicalassays. One of us (L. J. H_) participated 
in the investigation during his tenure of a D.S.1.R. Senior Research Award and an LC Fellowship. 
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67. The Magnetic Susceptibility of Certain Organic Compounds. 
Part 111, The Contribution of the Nitro-group to the Magnetic 
Susceptibility of Aliphatic and Aromatic Nitro-compounds. 
By F. G. Bappar and S. Sucpen. 


The magnetic susceptibility of certain tic and aliphatic nitro-compounds, as well as 
that of the co: mding parent substances, has been measured in an attempt to determine 
the contribution of the nitro-group to the magnetic susceptibility of these compounds. Col. 3 
in Tatie ILI shows that the difference between the magnetic susceptibility of aC-NO, and 
the *\-H group is highest in the case of s-substitated nitro-compounds. This may be due 
to the fact that resonance leading to structures such as (L1]) is impossible in these m-compounds. 


SEVERAL investigators have determined the magnetic susceptibility of the CH, group by 
measuring the susceptibility of a large number of the individuals of a homologous series, ¢.¢., 
aliphatic acids and their esters (French, Trans. Faraday Soc., 1947, 48, 356); alcohols, aliphatic 
acids, and their esters, and aromatic hydrocarbons (Angus and Hill, sbid., 1943, 39, 190) ; organic 
nitrites, nitrates, and nitro-compounds (Gray and Cruickshank, idid., 1935, 31, 1491); normal 
alcohols (Cabrera and Fahlenbrach, Z. Physik, 1933, 85, 568); and acetic acid and its esters 
(Woodbridge, Physical Rev., 1935, 48, 672). French (Trams. Faraday Soc., 1945, 41, 676) 
measured the susceptibility of certain disubstituted aromatic compounds. She noticed that, 
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solid residue. This was thoroughly extracted with ethyl acetate to remove acetamide, leaving the 
dihydro-giycosute as a pale yellow, hygros« a hous powder, which could not, except in the case 
hes 
iter 
in 


(1950) 


where the substituents are op-directing, the o-compounds have a markedly 
susceptibility value than either the m- or the 
m-directing, the 


she noticed that no such regularity could be traced in substituted aromatic nitro-compounds, 
It is possible that this irregularity may be due to the fact that in these compounds the 
contribution of the quinonoid structures (cf. III and IV) to the normal state of the molecule 
(i.¢., resonance) is affected by steric hindrance (cf. Birtles and Hampson, J., 1937, 10; Ingham 
and Hampson, J., 1939, 981) as well as by the position and polar nature of the substituents. 
Thus, in a molecule like p-R-C,H,NO,, the contribution of the quinonoid structures (III) or 
(IV) to the actual state of the molecule (or resonance hybrid) is higher if R is an electron- 
repelling group than if it is an electron-attracting group. 


i 


a) (a) (il) (Iv) 
(R H, CH, or NH,) 


In the present investigation the magnetic susceptibility of certain aromatic and aliphatic 
nitro-compounds as well as of the corresponding parent substances was measured in an attempt 
to determine the contribution of the nitro-group to the magnetic susceptibility both in aliphatic 
and in aromatic compounds. To avoid inaccuracy due to unequal packing of solid substances, 
the measurements for such compounds were carried out in solution, using suitable solvents 
such as benzene, acetone, and ethyl acetate. The fact that the values of the magnetic 
susceptibility of the solid, deduced from that of its solutions in any two of these solvents at 
different concentrations, were found to be identical within the experimental errors, was 
considered to be a sufficient proof for the validity of the additivity law of solutions (see Table I). 

In Table III, col. 3 represents the difference between the magnetic suceptibility. of the 
3c NO, group and the 3C-H group. The unexpectedly low value (—4°45 = 10°) in the case 
of p-nitroaniline may be due to a solvent effect, whereas that in the case of nitromethane is more 
difficult toexplain. It may be due to the uncertainty in the value of the susceptibility 
of methane, which is theoretically deduced (cf. Coulson, Proc. Physical Soc., 1942, 54, 51; 
French and Trew, Trans, Faraday Soc., 1945, 41, 439). It is noticed, however, that in the 
examples of aromatic nitro-compounds studied (¢.g., nitrotoluenes and nitroanilines) the 
differences in col. 3 of Table III are always highest in case of the m-, and lowest in the case of the 
p-derivatives. This may be due to the fact that structures such as (III) are impossible in the case 
of m-substituted nitro-compounds, and although it is possible in the case of the o-substituted 
_ compounds, yet it may be of less importance owing to steric hindrance (cf. Birtles and Hampson, 

x . However, the contribution of the quinonoid structures such as (IV) increases in the 


The measurements were carried out by the Gouy method using was calibrated 
ji two nickel chloride solutions. Its volume was 25-18 c.c. and its constant (f) was 0-2824 (cf. Baddar, 
, and Sugden, J., 1949, 132). 
The solid materials used in these measurements were thoroughly purified by repeated c 
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higher diamagnetic 
When the substituents are 


\ 
that in compounds containing two electron-repelling groups ortho to each other, there is the 
highest electron density, whereas in compounds containing two electron-attracting groups, 
the highest electron density is obtained when the two groups are mefa to each other. However, 
case of nitro-compounds substituted by electron-repelling groups in the following order ; ' 
Unsubstituted nitro-compounds < m-nitro- < o-nitro- < -nitro-compounds, i.¢., nitro- 
benzene < m-nitrotoluene < o-nitrotoluene < p-nitrotoluene. 
EXPERIMENTAL, 

from pure solvents until a constant value for y, was obtained. Similarly, liquid substances were 
purified by repeated distillation from an all-glass apparatus, the middle fraction afwaye being collected. 

with water, and dried over calcium chloride for two weeks. It was distilled several times, 
and the fraction, b. p. 76-5—76-6° /756 mm., was collected; ** 0-8941. 

Toluene. Sulphur-free toluene was shaken with concentrated sulphuric acid, and washed with : 
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carbonate solution to prodact. 
distilled, and repeatedly over sodium; b. p. 1103-— 
N wae Coli. Vol. dried 
100-4" /7 
(762 mm 
A sample kindly by LCL Led. was washed with sodium carbonate 
‘ (CaQ],). and distilled and distillation were repeated three times. It was 
kept over oxxte for two hours, ited, and distilled in a vacuum to give a colourless 
Tetrantiromethane. Vrepared according to Chattaway (/., 1910, 97, 2099) and pu and 
with sadinm solation (cf. Hammick ef 1936, 1464), this was dried 


ple of each was washed with sodium carbonate 
rejected, and dried fractional distillation the nitro- were 
liquids, b. p.s 207°/735 217—217-1°/738 mm; 1974, 
S80, and 11524, respectively 


Anilime Aniline hydrochioruie was crystallised from alcohol, and the pure salt treated with sodium 
hydroxide solution. The liberated aniline was extracted with ether, dried (KOH) for 3 days, and 
distilled in a carbon dioxide atmosphere to give a colourless liqeid, b. p. 183-——183-2"/759 mm. The 
drying and distillation were repeated several times, and the fraction of b. p. 183-4°/759 mm. was collected. 

p Nitrotoluens, This was melted under sodium carbonate solution, washed with water, dried, and 

from alooho!l several times, to give colourless crystals, m. p. 54-6". 

o, m, Nitroansiine, These were crystallised several times from dilute alcohol, m. p.s 71-6-— 
Tie", Lhe’, 148-2", respectively. 

In all cases the measurement was repeated after redisti or recrystallising the substance. A 
series of measurements (usually about 6) were then made with exciting current alternately off and 
on and the mean reading was taken as the thrust on the specimen. From this was subtracted the thrust 

ond x 10° of the pure liquids was calculated from the formula 
of Nettleton Soe., , A, 178, 313), wiz 


0-200 /w + 
The meniscus correction, being neghgibly small, was neglected . 
For solids the magnetic susceptibility was obtained by preparing solutions of different trata 
of the solid substance in suitable solvents of known magnetic whol for By measuring the 


of the soletion, and assuming that the for the constituents of the 
solution, the susceptibility of the solute can be calculated from 


extrapolation to  ~ 1, the magnetic ibility of the solute was obtained. 
measurements were usually carried out in iflerent solvents, the mean value being taken in 
each case (see Table 1) 

To avokd the evaporation of the solvent the transference of the solution to the tube, 
the solution was in a small wash-bottle with narrow delivery and pressure tu closed by 
stoppers. After the solute and solvent had been weighed into the bottle it was kept in the balance case 
for j{ hour, The solution was then transferred to the specimen tube by applying a gentle stream of dry 
air saturated with the vapour of the solvent used 

In Table Il sample (6) was obtained by redistil lation of sample (a). 


Taste I. 
No. 


Solvent 
Acetone 


CH,CO,Et 
Acetone 


CHYCO,Et 
Acetone 


” 


CH,OO,Et 
Acetone 


Benzene 


Seen 


oNitroaniline . 06-3362 0-5516 0-443 } 0-4940 
0-3089 05795 06-4086 } 04967 
m Nitroaniline .. ©2156 0-5632 06-5000 } 0-4960 
02960 @-5547 00-4933 0-4985 
01666 05066 0-009 5009 
Nitroaniline ... 2046 05596 0-4769 
0-2374 0-5581 04548 | 
re 02506 05544 
Nitrotoluene ... 03047 0-5632 0-5240 
‘ 06-3556 05615 9.5270 } 5258 
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Taste Il. 
(a), mean of 6 
readings. 


(®), mean of 6 
readings 


03462 + 06-0017 
0-5139 + 0-0005 


00-6271 + 06-0008 0-5272 72-28 
0-5305 + 0-0004 72-71 
0-7157 0-0010 65-83 
0-6704 


Chem. Soc., 1936, 18,329; Bhatnagar p 273; Z. Physih, 1934, 8 ch 
Mathur, and Mal, Phil. ‘lol; cit.. Bhatnagar and 


Mitra, loc. cit (3) cf the frst two references in Eaera (4) Cf. Kido, Sai et Tohoku Univ., reee, 


*'(@) Cf. Bose, loc. cit. (7) Cf. Bose, 


A, 265. (8) Garssen, vend. ‘bal. Cl Onley, 191 


N.B.—{i) —1 for p-nitrotoluene, o-, m-, and p-nitroaniline was determined by multiplying the 
values in the last man of Table I by the ng molecular weight. 
(ii) The value for propane was derived from that of methane, the magnetic susceptibility increment 


for the two CH, groups being taken as 2 x 11-68 (cf. Angus and Hill, loc. eit.). 


Tee Writtam Ramsay ano Forster Lasorarortss, 
Unsrversiry (Received, October Vth, 1949.) 


68. Potential Guisidieiia ‘of the N-Heterocyclic Series. Part III. 
Alkoxy- and Hydroxy-phenanthridinium Salts, 
By F. C. Corr and L. P. Waxts. 


The observation that a 9phenytphenanthridinium salt with only methoxyl as substituent 
significant the examination of a series of such 


204; 1947, 67; 1048, 188) and it appeared that the presence of at least one amino-group in 
the diphenyl of the molecule was essential to trypanocidal activity (Trypanosoma 
congolense). activity is much enhanced by the presence of a 9pheny! group and of a 
second amino-group. Compounds which contain amino-groups substituted by acetyl, carbamyl, 


2-Nit O-5135 45-73 
Tetranitromethane 02195 43-02 
Nitrobenzene .... 0.5025 61-81 
o-Nitrotoluene ......... 0-5272 + 60-0004 
m-Nitrotoluene .................. ©6303 4000038 
50-0002 
Ethyl acetate ..................... 06156400003 06-6155 + 0-0003 06-6156 54-21 
Taste 
Al0*yy, 
Substance. — CH. Substance. 10* ym. xONO, — 
Nitrobenzene...... 61-81 608 Nitromethane .... 21-10 f 
Benzene —— 54-82 Methane 16-000 
o-Nitrotoluene ... 72-28 645 2-Nitropropane .. 45-37 637 
Toluene 65-83 Propane ............ 3936 
m-Nitrotoluene ... 72-71 6-88 Tetranitromethane 43-02 6-75 
6-23 
oNitroaniline ... 68-42 605 
Aniline ............ 62-37 
m-Nitroaniline ... 68-96 6-59 
Aniline ............ 62:37 
p-Nitroaniline ... 66-82 465 
Aniline ............ 6237® 
21. 
A, 
compounds and of with groups were synthesised 
conventional methods, and it has emerged that salts with an alkoxyl tay Oe the 7-position 
are specifically active in T. congolense infections, and when in addition the 9pheny! group has 
an amino- or a nitro-substituent the activity of some of these substances equals that of the 


last-named modification some activity against the resistant i 
apparent (Walls, Browning, Calver, and Leckie, Nature, 1946, 157, 263; J., 1946, 1031). 


, which is known to exert a favourable therapeutic effect in 


«= OMe, R’ = H, R” = p-OMe-C,H,) was found to possess significant trypanocidal 
activity. The effect of an association of alkoxy- and amino-groups and of hydroxy- and amino- 
groups was then examined, that type being selected in which the former group was located 


2-acetamidodipheny! (Petrow, J., 1945, 119) or from 2-nitro-4’-hydroxydipheny!. The latter 
by Schultz, Schmidt, and Strasser (Annalen, 1881, 
preparative details. Our product had a much lower m. p. 
(114°) than that recorded by these authors (138°), but its structure was confirmed by its 
conversion into 2-ecelamido-4’-methoxydiphenyl (1; R= OMe, R’ = H, R” « Me) and 
2-acetamido-4'- (ethyl (l; Re = OCO,Et, = H, R” = Me), identical with 
the products obtained from 4-amino-2’ . ttro-4-methorydiphenyl was 
from 3 nitro-4 
catalytically to 2-emino-4-methoxydiphenyl. Condensation of these aminoalkoxydiphenyls with 
the appropriate acid chlorides yielded the amides (1), which were smoothly cyclised by phosphory! 
chloride to the corresponding phenanthridines (II), the latter being readily converted into 
quaternary salts (111). 

The various groups which were introduced into the §-position are given in detail in the 
Experimental section (see Tables III, IV, and V); they include methyl, phenyl, pheny! 
substituted by nitro-, amino-, carbethoxyamino-, methoxy-, hydroxy-, or chloro-groups, and 
nitro: and amino-benzy!. The 9aminopheny!l compounds were prepared by cyclisation of 
2-nitrob dodiphenyis and subsequent reduction of the nitro-group. 2-p-C 
(1; RK OMe, R’ = H, R” p-CO,Et-NH-C,H,) was 
similarly cyclised to the phenanthridine R =~ OMe, @ H, R” p-CO,Et-NH-C,H,) 
but the corresponding quaternary salt could not be converted smoothly into the amino-salt, 
since the methoxy-group was also affected by the hydrolytic process used. 

The preparation of the analogous 9-benzyl compounds (II and LIl; R = OMe, R’ = H, 
R” « p-NOyC,HyCH,, etc.) presented no difficulty (cf. Part I, /., 1948, 191). The rather 
low yield of 9-benzylphenanthridine reported by Ritchie (Proc. Roy. Soc. N. S. Wales, — 
76, 150) may be attributed to the use of impure 2-phenylacetamidodipheny! (m. p. 37°); 
preparation of this compound (m. p, 85-—~86") gave a 68% yield of the phenanthridine Our 
results therefore do not support his views on the cyclisation of the phenylacetamido- 
derivatives. 7-Methory-9-p-mitrobenzyl-10-methyiphenanthridimum chionde gave a deep-red 
product, presumably an anhydro-base, on treatment with water (see Part I). 

The hydroxy-phenanthridines or -phenanthridinium salts (III; R or R’ = OH) were best 
prepared by demethylation of the appropriate methoxy-derivatives with concentrated 
hydrochloric acid at 160° (Woodruff and Conger, J. Amer. Chem. Soc., 1938, 60, 405). 
1-Hydrosy-0-methylphenanthridine (11; R « OH, R’ «@ H, R” = Me) was thus obtained from 
the 7-methoxy-compound; it resulted also from the hydrolysis of 7-(ethy! carbenato)- and 
R’ = H, RY = Me, R= O-CO,Et and OBz, 
respectively), themselves the products of cyclisation of the corresponding amides (I; R’ = H, 
KR” = Me, R= OCO,Et and OBz, respectively) bat in yields much lower than for the 
eqdination of 2-acetamido-4’-methoxydipheny! (1; OMe, R’ = H, R” = Me). An 
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T. congolense, although with the 
other series, has not been introd nto pu but its pote 
“i in the diphenyl portion of the molecule and the latter in the 9-phenyl group. Although : 
“a compounds with amino-groups restricted to the ®ary! group had hitherto shown practically 
ie no activity, the effect on them of the introduction of a 7-alkoxy-group is striking, many of the 
compounds now described being powerful trypanocides. 
: The alkoxy-compounds were prepared by the methods already used in this series, the 
: ewential step being the cyclisation of an appropriately substituted o-acylamidodipheny!. 
: 2-Amino-4'-methoxydiphenyl and its higher homologues were prepared either from 4-amino- 


(1950) of N-Heterocyclic Series. Part III. 


propery chloride (IIL; R = OPr®, R’ 
p-NH,C,H,). Although the 2-amino- were more active than the corresponding 7-amino-salts 
(Part I), the 2-methoxy- were much less active than the 7-methoxy-salts. 


acid (240 ml.) and 
oe diazonium — 


colourless needles (35 g. 
H, 5-6%). 


methoxydiphenyl, b. _(50&). The colouriess distillate crystallised 
(Found: C, 761; H, 65. 


H, 62%). 

following 2-acetamido-4’-alkoxydiphenyls were prepared: 4 
lised from aqueous isopropanol, \ C, 761; H, 

, 13; H, 67%). 4-isoPropory- from light m (b. 


petroleu 
* (Found: C, 75-0; H, 7:1. C, 75-8; H, 
ether 


000"), m. p. 08° (PF 
‘acetate, m. P- (Found : Cc, 
~-, prepared from an alkaline solution of 
and ethyl chlorotormate, and crystallised from ethanol in colourless 
H, 5-8. CypHy,O,N requires C, 682; H, 57%). 
method, crystallised from methanol, 


by Baumann m. 
-hydr yl.—A solution o 
ormed. After cooling, the toluene layer was extracted with aqueous sodium hydroxide, the 
regenerated, and then crystallised from trichloroethylene as brownish crystals (22 g), m. p. 110-112", 
enough for the next stage. Its further purification was effected by percolating a benzene solution 
ate with aqueous sodium hydroxide. The 
juct now crystallised from lene in lemon-coloured 
“8; H, 43; N, 609. Cale. H, 42; N, 65 


; N, ther, p. 61° (Found : H. 6-3. 
requires C, 69-2; H, 54%), carbonate, m. p. 121° (Found: C, 625; H, 44. 
C,,H,,ON requires C, 624; H, 4 
2-Amino-4'-methoxyds 


b 1390—1 
788. He ORt, mm 


attempt to obtain @ roxy tion -amino-9-p-nitropheny}- 
phenanthridine led only to tars (cf. Part I). 

The hydroxyphenanthridines could be alkylated to yield any desired ether, and this method 
was essential! for the preparation of 7-benzylory-0-p-mitrophenyiphenanthridine, since attempted 
ring-closure of 2-p-nitrobenzamido-4’-benzylosydiphenyl led to debenzylation and the formation 
of an intractable resin. 

Our colleagues, Dr. Brownlee and Mr. Goodwin, report that most of the quaternary salts 
prepared as above are powerfully antibacterial in viiro and one of them, 7-methory-9-p- 
chioride (111; R= OMe, R’= H, R” = 
p-CO,Et-NH-C,H,-CH,), affords protection to mice against Streptococcus pyogenes. Certain 
of them (III; R = alkoxyl, R’ = H, R” = p-NO C,H, or p- or m-NH,C,H,) possess a 
powerful curative action for 7. congolense infections in mice, and consequently it can no longer 
be postulated that the presence of an amino-group in the diphenyl! portion of the molecule is 
essential to high trypanocidal activity. It is of interest that the toxicity and activity of these 

EXPERIMENTAL. 

yds (42 g.) was dissolved in »-sulphuric 
ised with sodium nitrite (17 g.), more N-sulphuric acid (240 mi.) being added. 
under toluene. After 48 hours at 0", the crude 2-acetamido- 
Ukide solu tic solid us crystallised 
from methanol, ), m. p. 185-—186° (Found 7405; H, 56. 

C,y,HyO,N requir 

2. (61 in w-sodium 

hydroxide (274 ml.) was heated on a steam-bath, and methyl sulphate ( mi.) gradually with 
, and the ethereal 
left 2-acetamido-4'- 
from acetate— 
C,,H,,O,N requires 
135° /0-01 
mm., cr yO N re- 
quires ¢ 80") in prisms, 
m. p. 108—109-5 
b. p. 156°/1 x 
C, 76-6; H, 74 
) uires C, ; 
o7 
(5% palladium-charcoal) of 2-nitro-4’-methoxydiphenyl at 70° with hydrogen (50 atm.). The amine 
was an oil, b. p. 118—120°/0-1 mm., which, Tye aye solidified, had m. p. 36° (Found: C, 76-4, 
H, 6-8. C, 78-4; H, 66%); its Aydrochloride crystallised from 2x-hydrochloric 
acid in colourless ye 227—228° (Found: C, 666; H, 64. C,,H,,ONCI requires C, 66-4; 
H, 60%). Acetylation of base with acetic anhydride gave EE deccrioel iy 
similar processes were prepared no-4' -ethoxyds p. 56° (Pound : 
C, 70-1; H, 7-1; OEt, 209. CygH,,ON requires C, 


ON, 
CoH ON, 
ON, 
CoH wON, 
butory- 
Ethylacetate M6—147 ,,H,O,N, “7 


2-Phenylacetamide- cydoHexane CyH,,ON 5-95 
2p Methoryphenyl-  cycloHexane 108 Cy, 60 


acetamide 
2-—p-Nitrophenyi- Benzene 140-150 


Alternatively, 2 acetamido 4’-met yi (50 (prepared as previously described, from 
4-amino-2’-acetamidocdipheny!) was dissolved in a mixture of concentrated sulphuric acid (24 mi.) and 
ethanol (450 mi), and the mixture refluxed for 1} hours. After neutralisation with ammonia the 
solution was evaporated under reduced pressure, the residue treated with excess of ammonia, and the 
precipitated oil extracted with ether The ethereal solut was hed with water, dried, and 
evaporated; distillation of the residue gave 2-amino-4’-methoxydipheny! (31 ¢.) 

esses were prepared requires 2-amino-4 -isoproporyd 


34°/0-05 mm. (Found 63 ires N, 62%), 2-amino-4/-n hen 
140° 0-003 mm. (Found Cc requires C, 7965; H, 7- 
and 2 iy from ethanol, had m. p. 122° (Fou 
N, 515 gH ON requires N, 51% 

metho phenyl 4aminoanisole (150 ¢) (Fanter and Tarbell, . Synth, 
26, 78) was dissolved in hot 10n-hvdrochloric acid (280 mi.) with just enough water (75 ml.) to give a 
clear solution, which was cooled to 0" and diazotised with sodiam nitrite (67-5 ¢.). It was then stirred 

with benzene (21) at +10" and sodium acetate (300 g.) in concentrated aqueous solution 

After 48 hours the benzene layer was separated and washed with alkali, wherew a thick tar 

separated, the benzene layer was decanted, washed with fresh alkali, and finally with water. The 

residue left after evaporation of the benzene was exhaustively extracted with boiling ether, the combined 

were and the resxive was ina vacuum. b. p. 
allised from carbon tetrachloride-light 

(Found: C, 684; H, 45; N, 635. C,,H,,O.N 


tion of 2-nitro-4-methoxydiphenyl! in 
am pron at with hydrogen (50 atm.). 
128—130° mm. (F C, 74: @8; N72. requires C, 78-4; H, 66; 
) 
Pp Carbeth mets Acid —This acid has been described by Boehm and Mehta (Ber., 1 
71, 1707) bet their method has little preparative value. This acid is readily obtained by 
of ethyl chloroformate on an alcoholic solution of f-aminobenzoic acid in the presence of an 


of p-ammobensoic 
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which from cyclohexane in colourless prisms, m. p. 65—66° (Found 
C73, Hoe C, 70-0, H, 5-8%). lation of the latter 2 accetamido-¢’- 
Acylamdodiphenyls (1). 
Analysis 
Solvent for Found, %. Required, %. 
Taphenylas. recrystn. M. p. Formula. c H. N. Cc. UN. 
Bemsamido 4- Methane! H1 56 46 72 646 46 
Acetone 16 CyHyON WO 57 — 69 _ 
2p 142-143 (Cl, 10-0) +1 (1,065) 1 
Ethanol 164165 680 655 83 680 46 
2 Methanol 1%) CuHgO.N, 78 58 14 7075 
methory 
10-6 
77 
™ 
72 
66 
77 
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of 832) 12222 


hin 


al 
i 
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‘able I) were (with one 
anhydrous sodium carbonate (16 ) was added, followed 
The was stirred for 30 minutes and then heated under ux for a further 30 minutes The hot 

hed with warm « . The « 
and washings were evaporated to give the crude amide. ea 
were condaneed in boiling 


Taste III. 


A lhoxy-10-methylphenanthridiniwm salts (111; R or R’ = alkoxyl). 
(Chiorides, except where otherwise stated. All salts in this and succeeding tables were dried at 
100° before analysis.) 


Analysis 
Solvent for ‘Found, %. 
Phenanthridiniam salts crystn. Formula. N. cl. 


7. Methoxy-O-methyl- (bromide) Water ,ONBr 
1 Methory-® phenyi- C,H 


ss 


Methory-® p-chlorophen yi 

7. Methosy-¥ 

7 Methory-® p-amenophenyi- 
Methory-% p- 

7. Methoxy-® pcatetheny- 


»N 


7 Methory- m amine 
7 Methory-® m-carbethory- 
aminopheny!- 


myl}- 
7 S-diamino- Cy,H,ON,Cl 


Proposy-® p- autrophenyi- . 222 

Tn 

Propory-0-m -mstrophenyl- 

aminophenyl 

7 nol ropery p-aminophenyl 
dihydrate) 

p-nitrophenyi- 

7 Henrylosy-9 p-atirophenyl- 

7 Dil. EtOH 

Methory- 0p attrophenyl- Methanol 

2- Methory-® p- amimopheny!- Water 


Phenanihridimes and Phenanthridiniam Salts — These (Tables Ll—V) were 
the following general methods. The o-acylamidodipheny! was suspended in phosphory! c a 
to | ¢ of amide), and the mixture refluxed for 5 hours, and then decomposed with ice and water 
resulting solkd was ad with a mixture of chloroform and concentrated hydrochloric acid, and > 
insoluble residue collected and washed with a little fresh chloroform and hydrochloric acid. U 
starting material was recovered from the chloroform solution. The chloroform-insoluble material, on 
being treated with aqueous ammonia, gave the almost pure phenanthridine. After recrystallisation 
from the appropriate solvent, the phenanthridine was treated with excess of methyl! sulphate in nitro- 
benzene at 150° for 15 minutes. After cooling, the aitrobenzene was removed in steam, and the residual 
product extracted with hot water. The methochlorides were precipitated from the extract with 
concentrated hydrochloric acid. The aminophenanthridinium salts were by reduction of the 
corresponding nitrophenanthridinium salts with a small excess of tron or a sludge of ferrous 
hydroxide. Demethylation of methoxyphenanthridines or methoxyphenaothridiniam salts was 
effected by heating the starting material with excess of concentrated hydrochloric acid in a sealed tube 
at 160.170" for 3 hours. With cooling, the hydrochloride or chloride was collected, and the former 
basified to give the corresponding ee 

of Hydrosyphenanthridines —- hydroxyphenanthridine was dissolved in 
an equivalent amount of sodium hydroxide solution and the solution stirred in an oil-bath at 120° 


S211 


bquired, %,. 
™ (Br, 47 (Br, 25-1) 
435 «106 10-55 
Et,0 
HCI 96 93 
Ethanol 67 83 s4 
7 Methery-® nifrophenyi- mL 73 
- Water 10-2 16-1 
EtOH and 69 S35 a4 
Eto 
10-0 83 
oo o7 
605 
76 96 o7 
65 a6 
a4 S7 
746 oo 
96 
6-7 8 84 
73 oo 
4 62 7 79 
62 83 
7-2 93 
, 
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alkyl iodide (or benzy! chloride). The reaction was 
completion. The precipitated solid was collected, washed 
sodium remove unchanged starting material. 


chlorides R” = benzyl). 
Analysis. 


N. 
44 
71 
77 
64 
66 
80 
66 


The phenanthridinium salts are 
substituent which are bright red, and the 9-»-amino- 
orange. 


The authors thank Mr. A. Bennett for micro-analyses, Dr. Brownlee, Mr. Goodwin and their 
biological examination of the compounds, and Mr. A. R. Brown for technical assistance. 
Curmicat Division, Wettcome Reszarcn Lanorarortes, 
Beckennam, Kent. (Received, October 12th, 1949.) 


69. The Reactions of Propylene Sulphide with Acetyl Chloride 
and Related Compounds. 
By W. Davies and W. E. Savior, 


mercaptopropanols, 
of their line derivatives. 


containing hydrogen 
ethylene oxides is to form derivatives of secondary alcohols, and the rare fission of asymmetrical 


with of the 
with water, and extracted with hot aqueov: 
The residue was then crystallised from the appropriate solvent. 
Taste IV. 
Hydroxy-10-methylphenanthridinium chlorides (111; R or R’ OH). 
Analysis. 
Solvent for M. p. Found, % Required, % 
Phenanthridisium salts. crystn. (decomp). Formula. N. cl. N, cl. 
1-Hydroxy-9-methyl- Methanol 262—263" C,,H,ONC] 54 136 34 1946 
7-Hydroxy-9-phenyl- Water 263264 43 4635) 110 
HCl 244-245 CyH,ONCL, 40 20 39 199 
ater 
Methanol 281—282 71 — 67 — 
amt - 
7-Hydroxy-% Water 275277 C,,H,,ON 86 10-4 83 10-5 
aminophenyi- 
2-H Water 330 CoH N 96 76 
Water 297—208 84 35 (106 
Solvent for M. p. Found, %. Required, %. 
Phenanthbridinium salts. crystn. (decomp.). Formula. N. cl. cL 
Benzyl- isoPropanol 205—-207° H,,NCl 46 
Methanol 151 pO N 7 
7-Methoxy-9 p-carbethoxy- Ethanol 22000 Gy, HON 65 80 
Water 218 66 80 
7-H. Ww 252 HON 78 100 
aminobenryl- 
The thridines are colourless 
light , except those with a 
Acetyl chloride and propylene sulphide idly form 2-chloropropy 
structu ve been proved 
Tho tue ate be into the same chloro- 
a {considered to be 2-chloropropane-|-thiol (1X)}, which is also formed by the 
teraction of propylene sulphide and aqueous hydrochloric acid. 
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ethylene oxides to form derivatives of primary alcohols is regarded as the abnormal! process 
(Kadesch, J]. Amer. Chem. Soc., 1946, @8, 41; Chitwood and Freare, shid., p. 680; Gilman and 
Polthart, ibid., 1949, 61, 1478). This use of the terms “ normal” and “ abnormal “ is adopted 
in the present paper with reference to the fission of ethylene sulphides to form secondary or 
primary thiols, respectively, or derivatives of them. Thus the conversion of propylene sulphide 
(1) into the derivative (X) of propane-2-thiol results from normal ring fission, as the sulphur atom 
retains its link with C,.. 

Propylene (I) reacts spontaneously with acetyl chloride to give 2-chloropropyl 
thiolacetate (II) in theoretical yield. This abnormal product shows no evidence of being a 
mixture of isomers. The compound (11) has already been described by Culvenor, Davies, and 
Heath ()., 1949, 286), but its structure has not been proved. Its conversion into known 
crystalline derivatives is difficult, for it is inert to sodium iodide in boiling acetone, and is 
converted by zine and acetic acid into viscous material, Raney nickel removes both sulphur and 
chlorine, and concentrated nitric acid gives an almost theoretical yield of sulphuric acid together 
with a small amount of oxalic acid. However, (11) is converted by potassium acetate in glacial 
acetic ackd into |-acetylthio-2-propyl acetate (111), which is hydrolysed by 1% methanolic 
hydrochloric acid to I-mercaptopropan-2-ol (IV), a liquid characterised as the derivatwe (V) 
(obtained by interaction with 2 moles of phenyl isocyanate) and as the 2: 4 : 6-tri 
thicether (V1; RK = pieryl). The structure of (IV) is shown by its reaction with 1-chloro-2 : 4- 
dinitrobenzene and alkali to form 1-(2: [V1; KR 4- 
(NO,),C,H,), also obtained from 2: 4-dinitrothiopheno!l and 1-bromopropan-2-ol and oxidised 
by chromic acid to (2: 4-dinifrophenylihio) acetone (VII), which is identical with the reaction 
product from bromoacetone and 2 ; 4-dinitrothiophenol. 

This proof of the structure of (IV) is independent of previous work, and depends on evidence 
supplied by the properties of the 2 : 4-dinitrophenyl derivative. Sjéberg (Ber., 1942, 75, B, 27) 
found that propylene oxide and thiolacetic acid, CH,CO*SH, formed a mixture (VIII) of 
l-acetyithiopropan-2-ol and 2-acetoxypropane-I-thiol, which gave (IV) on hydrolysis. These 
formule seem to have been assumed by Sjoberg by analogy with the products from glycidol and 
thiolacetic acid. A repetition of his work confirms his formula (IV), and thus proves that the 
reaction of propylene oxide with thiolacetic acid is a normal! one. 

Propylene sulphide reacts abnormally with acetyl bromide, and the apparently homogeneous 
2-bromopropyl thiolacetate (over 95%, yield) is converted into (ILI) by sodium acetate in glacial 
acetic acid. By analogy, the product from benzoyl chloride (Culvenor ef al., loc. cit., pp. 284, 
286) is 2-chloropropyl thiolbenzvale. 

Alderman, Brubaker, and Hanford (U.S.P. 2,212,141) showed that ethylene sulphide reacts 
with acetic anhydride in the presence of a small quantity of pyridine to give the diacetate of 
2-mercaptoethanol. They give, however, no details of the reaction with an asymmetrical 
sulphide, and it is now found that the main product (over 58% yield) from propylene sulphide is 
2-acetylihiopropyl acetate (X). Possibly some (111) is also formed, although there is no evidence 
of its presence. The structure of (X) is proved by converting it into the corresponding 
2-mercaptopropan-\-oi (X1), the boiling point of which is higher than that of the isomeric (IV). 
The 2: 4-dimdtrophenyl thioether [XII1; R = 2: 4-(NO,),C,H,) derived from (XI) has a much 
lower melting point than the isomer (VI). Though (XIII) is a primary alcohol, no carboxylic acid 
was isolated on oxidation with chromic acid, and potassium permanganate gives potassium 
2: 4-dinitrobenzene sulphonate. This permanganate oxidation, perhaps caused by the sulphur 
atom in (XIII) being attached to a secondary carbon atom, is again different from that of 2-(2 :4- 
dinitrophenylithiojethan-l-ol, which gives the disulphone. Further, (XI) reacts with two moles 
of phenyl tsecyanate to form a deriwatiwe (XIV) different from (V). Hence, the structure of 
(XI) and the normal mng-opening of propylene sulphide by acetic anhydride in the presence of 
pyridine are definitely established. 

Apparently, aqueous hydrochloric acid, like acetyl chloride and bromide, reacts abnormally 
with propylene sulphide, as a 50%, yield of a liquid regarded as 2-chloropropane-1-thiol Gx) 
is wolated, and this is identical with the product obtained by hydrolysis of 
thiolacetate (II). It is possible that of 
leads to some of the normal isomer which then may give rise to some of the higher-boiling 
pov ee map just as the necessarily normal opening of ethylene sulphide with hydrochloric 

acid (Delépine and Eschenbrenner, Bull, Soc. chim., 1923, 33, 703) also yielded a high-boiling 
fraction. Samples of (IX), prepared by the four methods indicated in the diagram, seem to be 
identical, since there is no significant difference in their refractive index or boiling point, and 
they give identical thiolurethanes (XVL1) with phenyl and a-naphthyl isocyanate. On attempting 


q 

i 
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to prepare the 2 : 4-dinitropheny! thioether from (IX), the alkaline conditions required for the 
reaction result in the conversion of (IX) into propylene sulphide or a polymer (cf. the preparation 
of ethylene sulphides from 1 : 2-chioro-thiols, Coltof, U.S.P. 2,783,860), and no derivative is 
formed. However, (IX) obtained from (IV) or (XI) by hydrochloric acid, reacts with picryl 
chloride in the presence of sodium acetate to form the crystalline thioether (XVIII), which is also 
obtained from (VI) by phosphorus pentachioride. Because of the mild alkaline conditions 


Me-CH-——CH, CH,Br-CO-Me R-S-CH,CO-Me 
(VII) 


SCONHPh CH,BeCH(OH)-Me 


(Iv) 


SH ——> RSCH,CHMeC 
(XVII) 


| 


bydr. RQ 
Me-CH(SAc)CHyOAc MeCH(SH)CH,OH 
(x) (XL) 


The compound regarded as 2-chloropropane-1-thiol (IX) was first prepared by Sjéberg 
(loc, cit.) by the interaction of Il-mercaptopropan-2-ol (IV) and aqueous hydrochloric 
acid. However, this is no proof of structure, as the same compound is found to be similarly 
obtained from the isomeric 2 captopropan-l-ol (XI). Apart from the fact that (IX) is 
obtained on hydrolysis of 2-chloropropy! 1-thiolacetate (II), the formula assigned to it is thought 

for the following reasons. Bennett and Hock (/., 1925, 127, 2671; Bennett, Trans., 
Faraday Soc., 1941, 37, 796) were the first to explain a number of fissions of carbon-sulphut links 
by means of an intermediary sulphonium ion. Ions of the type (XI!) would be expected to be 
unstable, as it has been shown by Culvenor et al, (loc. cit., p. 264) that the ring in aliphatic 
ethylene sulphides undergoes fission when the higher valency of sulphur is invoked. The rupture 
of (X11) to form a carbonium ion would, by analogy with the numerous nucleophilic attacks on 
the C,,, of propylene, be expected to produce (IX) rather than the unknown isomeric chloro- 

iol. This sulphonium ion concept explains the similar conversion (Fuson, Price, and 
Burness, J. Org. Chem., 1946, 11, 477), by hydrochloric acid, of both R*S*CHMe-CH,OH and 
R-S-CHyCHMe-OH into R*S-CH,-CHMeCl (where R = Et). A similar rearrangement involving 
nitrogen instead of sulphur is described by Schultz and Sprague (/. Amer. Chem. Soc., 


1948, 70, 48). 

to the normal opening of propylene sulphide with acctic anhydride containing pyridine, and 

can be attributed to the presence of pyridine acetate and to the acetate ion reacting with 

which has a lower electron density than C,,. The thiol group formed is then acetylated. 

is noteworthy that this normal reaction is very much slower than the abnormal one with acety! 

chloride. 


The abnormal opening of the propylene sulphide ring by acetyl chloride and bromide, and 


hyde. 
MeCHCHCH,SAc ——> Me 
(It) 
Me-CH—CH, Me-CH—CH, >; 
| | a 
ay (XU) Penco HyO-CO-NHPh 
— 
| 
te 


product almost entirely (Smith, Z. paysihal. Chem., 1919, 98, 59), though acid-catalysed alcoholysis 
yields a mixture of normal and abnormal products (Chitwood and Preure, lec. ci/.). There 
not to be a record of the action of acetyl halides on propylene oxide, but Sjéberg (Chem. 
Abstr., 1943, 37, 4363) shows that the product (73%, yield) of the interaction of acetyl chloride 
and epichiorohydrin is normal, and that the product (37%, yield) from glycidol is 92% normal. 
Similar results are obtained in the reaction of glycidol and epichlorohydrin with allyl alcohol in 
the presence of acid (Swern, Billen, and Knight, ]. Amer. Chem. Soc., 1949, 71, 1152). The 
sulphur in ethylene sulphides is known to exert its higher valency towards methyl! iodide far 
more easily than does the oxygen in ethylene oxides (Culvenor ef al., loc. cit., p. 285) and it is 
tentatively suggested that hydrochloric acid and acety! halides likewise form an onium son to a 
greater extent with ethylene sulphides than with oxides. This would account for formation of 
much larger amounts of abnormal products from ethylene sulphides than from ethylene oxides. 
Further work on a comparison of reactions of ethylene oxides and sulphides is being carried 
out. It is already clear that a deduction of the reactions of ethylene sulphides from formal 
analogy with those of ethylene oxides can be most misleading. 


Experiment 


The preliminary stirri 
the temperature maintained at 20° 
whole reaction period of 3) hours. Distillation of 
fractionation giving a product, (yield, 70%). ond 
“hk thiolacetate (II) was prepared from propylene acetyl! chloride (Culvenor. 
, 1949, 286). During fractionation, the b. p. (70—71°/9 mm.) and =}? (1-491) of 
constant. (II) was unchanged when boiled with dry pyridine in benzene, but 
material by in sodium cyanide in alcohol in the presence 


(fl) (74 anhydrous potassium acetate (7 and acetic anhydride 

(1 ml) were refluxed until precipitation of potassium chloride The 

agitated for a short time with water (30 ml.) 

acetate (111) (3-5 g.), b. p_ 11%-—121°/19 mm., having a slight, pleasant odour (Found C, 47-45; 
er nN TD 47-7; H, 68%). The b. p and (1-467) were constant throughout the 


wer -2-ol (1V) was obtained when (III) (3 g.) was heated ander reflux with 1% 
methanolic chioride (7 mi.) for 6 hours, the mixture distilled. (IV), b. p. 70— 
71°20 mm., wif 14815, is completely miscible with water, has an © resembling that of mercapto- 
ethanol, and gives colour tests Unasnctoriatie of pri and secondary mercaptans (violet with aqueous 
sodium nitroprusside, and red with nascent nitrous acid). Sjdberg (loc. cit.) recorded b. p. 51° mm. 
1-4862 for the compound which he assumed to be |-mercaptopropan-2-ol. 

isocyanate (cf, Bennett, J/., 1922, 12], 2145) at 100° (2 hours) gave ae 
(Vv), p. 140-5", prisms from alcohol-tight pet (Found : 89. 
requires N (1V) g.) and picryl chloride (0-25 g.) were dissolved in alcohol 
we }, and a solution of anhydrous sodium acetate (0-1 g.) in alcohol (5 ml.) was added gradually with 
} tae | mixing, a red colour being produced. After 5 minutes the mixture was warmed on the water- 
bath for 10 minutes. Addition of water gave |-prcrylths 2-01 (VI), m. p. 68°, lustrous light-yellow 
plates from aqueoun alcoho! (Found: N, 13-65 requires N, 13-85%). 1-(2 : 4-Dinitro- 
vith) (VI; R 2) 4-(NO),C,H,), m. p Yellow warts from benzene-light petroleum 
Found: N, 110. 5 requires 10- 83%), was obtained from equimolar proportions of 
-chloro-2 and sodium hydroxide in alcohol (cf. Bennett and Whincop, 1921, 
1863) As shown by a mixed mp. (VI) was also obtained from |-bromopropan-2-ol, 2 : 4-dinitro- 
by and sod hydroxide in ‘alcohol, the reactants being warmed on the water-bath for | hour 
(cf Ber, 1885, 18, 328) 
(2 & (VIL; Rom 2: 4-(NO),C,H,), , pale yellow needles from 
ous dioxan (Found: N, 11-2; 5, 12-85 elves 12. 5%), was obtained (a) 
(VD @ ty )} was dissolved in the minimam volume of glacial acetic acid, and a solution of sodium 
dichromate (0-7 g.) in dilute sulpharic acid (5 mi.) added qutealty, the mixture being then boiled for 
5 minutes, and (6) on warming equimolar quantities of bromoacetone, 2 : 4-dinitrothiophenol, and 
axlium hydroxide in alcohol for 1) minutes. as evinced by a mixed m. p. determination. (VII) is 
sparingly soluble in alcohol and its dioxan solution gives a red precipitate on treatment with a warm 
solution of -nitrophenylhydrazine hydrochloride and does not decolourise cold dilute te. 

-2-ol (IV), prepared according to the method of (loc cath, had 

ame to 


properties 

a sample prepared by hydrolysis of (I11) (¢.¢., 1- b. p. 50-55” It 
reacted with l-chloro-2 | 4-dinitrobenzene to give (V1). as evinced by a mixed m. P 

2-Bromopropyl thholacetate was obtained in 05% yieid was added to 


email portions with slight agitation and external coohng to f y distil acetyl a Bs 3 mi.), 
and the mixture was kept at 35° for 24 hours before distillation (Found : S, 15-65. Cc 
S, 16-25%). This liquid, b. p. 45°02 mm. (85-—88"/10 mm. with slight 
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probably by hydrochloric acid. afords interesting implications when compared with the action 
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potassium acetate, yie! -acetylthio- 
b. 112—114°/15 mm. (55% yield, the balance being polymer) ; its identity was wav by 
methanolic h 


ydrogen chloride to give -2-ol (TV), 15 mm., 
by a mixed melting point determination of 2 (VI) which wus 


ection af phide freshly distilled 
with Acetic Anhydride sul (14-8 y 
for a further 3 hours. 
fractionation yielding 2-ecetylthsopropyl acetate (X), b. 
(20-6 g.) (Found : C, 47-5; H, 74. 47-7; 4H, 
odour. H {method as for isomer (III) 2 
mm., 68° (Pound : C, 37-85; 
isomer ( completely miscible with water, has a sligh 
colour with nitroprusside and a ring 
(Xi) no change oceurred. ‘On 100° for 2 hours with two moles of phenyl ssocyanate 


|-phenylcarbamate x! 157-5°, prisms from aqueous alcohol 


ydro in alcohol (method as (vi 
‘Sa of acid guvea polymer and water-solu 
material which ts difficult to extract Oxidation at 70° with "os potassium 
potassium 2 : 4-dini honat: N, 10-15, 


explodes on hea and 
ter. _ prepared by 
method of Bennett and Whi ye aod 


authentic specimen of 2 : 4-dini phonylmethane. 

— A solution of propylene sulphide (14-8 in 
methanol (20 ml.) was with shaking and external cooling to a solution of concentrated aqueous 
and the mixture set aside for 19 hours, after which an 
SS ae —— Water (100 ml.) was added and the oil extracted with chloroform 
without delay, w a (CaC,), and distilled. A small amount of propylene sulphide distilled and 
then a fraction, b. p. ‘al ‘80 mm. Redistillation gave 2-chloropropane-|-thiol (IX), b. p. 124— 
125° /760 mm., 60° /80 mm. ; wen lle not vary du the distillations, even when a 

was 114 
1-thiol, and reports it to be 
(1X) docs ent ott -chloro-2 
or with |-fluoro-2 : 4-dinitrobenzene and sodium acetate, ences odour of the halogeno-thiol 
replaced by the rather phenyl seecyanate, beating sa sodium chloride is precipitated 
ee geet Ae gd pheny! ting in a sealed tube at 160° for 3 hours being necessary 
to effect conversion into (XVII), m. p. 91-6", from light petroleum 
S, 14-35. CigH gONSCI requires N, 6-1; S, 13-05%); 
te yield from both first and last fractions of the distillate. 
isocyanate to give opyl 1 hthyithiolcarb te 

(Found: N, 50. Cy, ires N, wes agate 
11) (7-6 was heated under reflux for 2 hours with 2% methanolic 
hydrogen chloride. Distillation gave 3-4 g. of product, b. p. 67-68" /85 mm., 124-125" /760 mm., 


1-484, which yielded with phenyl and e-naphthyl és respectively, the derivatives 
above. The residue from the 


id of v 
Distillation of a crude sample of (IX) at 


to SjOberg (Joc. cit.) treatment of 1- 
the residue 


picryl, 06°, 


2-Mercaptopropan-1-ol (XI) (4-2 g.) and concentrated aqueous hydrochloric acid (17 ml.) were warmed 
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freshly distilled has the pleasant odour characteristic of thiol esters. However rapid decomposition 
occurs in air with development of the highly unpleasant odour of a halogeno-thiol and formation of 
hydrogen bromide. 2-Bromopropy! thiolacetate is stable in contact with aqueous sodium hydrogen 
carbonate. The pure liquid may be stored without decomposition in a sealed ampoule. Reduction of 
the ester with zinc dust and glacial acetic acid at 100° gave a halogen-free oil with an unpleasant odour, 
b. p. 06-—104°/15 mm., “f 1-458, which was apparently not the desired propy! thiolacetate as it is 
unchanged on . vdrolysis. Reduction of the ester with tin and hydrochloric acid caused 
lates, m. p. 183-—185°, on extraction with ether The m. p. was not depressed on admixture with an 
ropropane-1-thiol (IX), prepared according 
propan-2-ol (IV) with concentrated aqueous hydrochk 
mm., ff 1-486, and Ma 1-487. The yield was 669% 
containing prepared by this method also gives derivatives with phenyl and e-naphth 
isocyanates ical with those from (IX) prepared from propylene sulphide and hydrogen chloride. 
Also. (IX) (0-15 g.). picryl chloride (0-24 g.), and anhydrous sodium acetate (0-2 g.) in alcohol (5 mi.), 
ilution with water, yielded (XVIII; Rw 
eodies from benzene-light petroleum (Found: N, 12-65. C,H,O,N,SCI 
which contained halogen, gave an a iable depression in m on 


Bowman: Experiments on 


gave steady 
picry! chlonde respectively 
of and hyde and hydrogen 


The micro-analyses were made N. L. Lettkowitz and N. W. Gamble. One of us (W. E. 
acknowledges financial assistance from nt fw 
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70. Experiments on the Synthesis of Carbonyl Compounds. Part 1. 
Introduction. The Acidolysis of Acylmalonic Esters. 


By R. E, Bowman. 


The initial aims of the series of are outlined. of 
acyimalonic esters (IV) is to furnish methy! ketones (VI) in high yield. Condi s 
have been found for the isolation of the intermediate §-keto-esters (V) in moderate yields 
Desrrre comparatively recent developments such as the use of cadmium dialkyls (Cason, Chem. 
Reviews, 1047, 40, 15) and the general §-keto-ester synthesis devised by Breslow, Baumgarten, and 
Hauser (J, Amer, Chem, Soc., 1944, 66, 1286) a number of the more complex polyfunctional types 
of carbonyl compounds remain inaccessible. Whilst there can be little doubt that the method 
employing organo-cadmiam compounds is convenient for preparing the simpler types of 
ketones, its general application is inevitably limited by the usual restrictions accompanying the 
use of Grignard reagents; on the other hand, methods involving the use of §-keto-esters are 
frequently unsatisfactory owing to low yields at one or more of the many stages involved, viz., 
the synthesis of the §-keto-esters, mono- or di-alkylation, and eventual ketonic hydrolysis, 
sometimes under severe conditions (Renfrow, ]. Amer. Chem. Soc., 1944, 66, 144). 

Examination of the problem of developing a more genera) method suggested that a promising 
route lay in the simple metathetical reaction between acid chlorides and sodiomalonic esters, 
provided that the degradation of the §-keto-diester (I) could be realised. 


+ R-CO-CR (COED), —> R-CO-CH,R’ 


Compounds (I) have been prepared on various occasions during the last fifty years but have 
rarely been used in synthetical operations owing to the ease with which they suffer disruption 
into their original components (except where R’ « H) under the action of the normal hydrolytic 
reagents (Michacl, Amer. Chem. ]., 1892, 14, 510; Robinson and Robinson, /., 1925, 127, 175). 
The problem, therefore, resolved itself into that of finding conditions for generating the free 
acylmalonic acids from their esters whilst leaving intact the rest of the molecule, spontaneous 
or subsequent thermal decarboxylation of the keto-acid (11) to the ketone (IIT) being expected 
to occur quantitatively. 

(IL) (IIL) 


This and the subsequent paper report two different approaches to this problem, and in both 
cases new methods of ketone synthesis have been elaborated. Experiments on the removal of 
one carbethoxy-group from acylmalonic and the analogous acylcyanoacetic esters, with the 
object of obtaining §-keto-esters and §-keto-nitriles respectively, will be reported later. 

Acidolysis of Acylmalome Esters.—Acyimalonic esters (IV) are, in general, high-boiling, 
viscous liquids or low-melting solids existing mainly in the enolic form and hence readily soluble 
in aqueous alkalis, in which media they are readily hydrolysed to their progenitors (Michael, 
joe. cit.). Therefore, use of alkaline conditions to bring about ketonic hydrolysis offers little 
hope of success. In recent years, however, the required degradation has been realised by several 

of workers (Giacolone, Gazzetta, 1936, 65, 1127; Adickes, J. pr. Chem., 1943, 161, 271; 
Fuller, Tonkin, and J. Walker, ]., 1945, 633; H. G. Walker and Hauser, ]. Amer. Chem. Soc., 
1946, 68, 1386) employing strong acids. The technique developed by Walker and Haueer, 
whereby the crude acy!malonic esters prepared from the acid chloride and ethoxymagnesiomalonic 
ester (Lund, Ber., 1934, 67, B, 935) are subjected to boiling aqueous sulphuric acid in acetic acid 


on the water-bath. An 

the oily layer extracted 

mm., 62° 
yi tsocyanate 

Oucasic Cummistey Laporarory, 
oF 
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solution, has been shown to be extremely useful for the preparation of ketones R-CO-CH, where 
R is aromatic; the reaction failed completely when R was a straight-chain alky! group such as 
#-amyl and for the fully substitated compounds (I; R = NO,C,H,, R’ = Bu"). 


(IV.) RCO-CH(CO,Et), + R-CO-CH(CO,H)-CO,Et RCOCH,CO,Et (V) 


(VL) RCOCH, <— RCOCH,CO,H + 

The initial experiments were carried out by refluxing a mixture of benzoylmalonic ester 
(1 mol.) and acetic acid (8 mols.) containing 1% sulphuric acid as catalyst. The expected reaction 
was found to occur with evolution of carbon dioxide and formation of acetophenone, benzoy!- 
acetic ester, and some unchanged starting material. Although the isolation of some §-keto-ester 


acid (5—8 mols.) and sulphuric acid (1% by weight of reactants) for 3 hours, followed by a short 
treatment with 10~x-sulphuric acid to complete the hydrolysis of any residual! §-keto-ester, was 
adopted. In this manner benzoylmalonic ester yielded acetophenone in practically quantitative 


Nevertheless, the isolation of the acylmalonic esters was both wasteful of materials and 
restrictive in scope in view of the high boiling points of even the lower members of the serics 
and hence conditions were sought for obtaining the highest possible yield of crude acyimalonic 
esters. The technique employed by Walker and Hauser (loc. cit.) suffers from the disadvantage 
that the reaction is carried out in the presence of free ethanol employed in the formation of the 
magnesium derivative. It seemed that the presence of the latter, together with that inevitably 
formed in the reaction, would considerably lower the yield of keto-ester, particularly in the 
aliphatic series. The preparation of ethoxymagnesiomalonic ester was therefore effected in 
benzene solution, using only a slight excess of ethanol which was finally removed as its azeotrope 
with benzene; in this manner ethanol-free solutions of the magnesium complex were readily 
obtained. Treatment of this reagent (100% excess) with the requisite acid chloride, followed 
by recovery of excess of malonic ester by distillation, yielded the crude keto-diester which 
on acidolysis as above furnished the methyl! ketone R-CO-CH, in very high yield. 

In this manner the acid chlorides of octanoic, undecanoic, dodecanoic, stearic, sebacic, o-chloro- 
benzoic, and p-nitrobenzoic acids, and of methyl hydrogen sebacate gave the corresponding 
methyl ketones. Even in the aromatic series, as shown by the last two examples, the yields by 
this process are considerably higher than those obtained by Walker and Hauser (loc. eit.). 

of $-keto-esters from the corresponding acylmalonic esters was first described 
by Bernhard (A nnalen, 1894, 282. 166) who obtained benzoylacetic ester by steam-distillation of 
benzoylmalonic ester, Breslow ef al. (loc. cit.) obtained propionylacetic ester similarly but in 
very poor yield. Recently, two new methods have been elaborated; first, the general §-keto- 
ester synthesis of Breslow et al. (ibid.) using the rather inaccessible ethy! tert.-butylmalonate, and, 
secondly, thermal pyrolysis of acylmalonic esters in the presence of toluene- or naphthalene- 
sulphonic acid (Riegel and Lilienfeld, J. Amer. Chem. Soc., 1946, 67, 1274). 


of the reaction but under the best conditions found (3 hours at the boiling point using 0°22%, 
ere a 48% yield of lauroylacetic ester (V; RK = C,,H,,) and a 41% yield of the 
ketone (VI; R = C,,H,,) were obtained. A similar reaction applied to undec-10-enoyl chloride 
furnished 3-helotridec-12-enoate* (V; R = CH,CH*{CH,),) (45%) and the ketone (VI; 
R = CH,:CH-(CH,),) (41%). The reaction was finally investigated on a larger scale (1°25 mols.) 
using octanoy! chloride, ethyl 3-ketodecanoate (V; R = C,H,,) (43%) together with methyl 
heptyl ketone (VI; R = C,H,,) (52%) being obtained. 
* Geneva nomenclature is used throughout this paper. 


siderable improvement in the yield of ketone although a small quantity of §-keto-ester still 
yield. 
acidolysis of benzoylmalonic ester raised hopes that it might be possible to find conditions for 
obtaining the analogous aliphatic keto-esters. For this purpose a large quantity of lauroyl- 
malonic ester was prepared and submitted in portions to the action of acetic acid (1: 5) with 
various quantities of catalyst for various times. Limitation of time prevented a full examination 
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Finally the acidolysis of fully substituted acylmalonic esters (I; R =< R’ = alkyl) was 
investigated, but in no case could the desired reaction be brought about. The failure of Renfrow 
ec. et.) to bring about a similar reaction with fully substiteted 6-keto-csters, 
CHyCO-CRR’CO,Et, may be significant in this connexion. In the course of this work ethy/ 

woke soyimalonate 


Sdicarboxylate) (1; R = (CH),CH-CH,CH,, 


EXPERIMENTAL. 


thosy slumalonic Ester Magnesium (36 1-5 mols.) was covered with dry benzene (110 mi.) 
(A) of ethy! malonate (c cial, 78 gin 
all; 1-7 mols) in dry benzene f 

Solution (4) was then added at a convenient rate (2—3 hours) and the product refluxed 
until dissolution of the magnesium was complete. At this the reflux condenser was by 
a fractioning colume of the Widmer or Fenske type (30 cm ) fitted with a reflux . and the 
mixture was slowly distilled anti] most of the free ethanol had been removed as azeotrope with benzene 

ester in benzene solution (volume, approx. 


and external cooling. to to the benzene f ethoxymagnesiomalonic ester (2 mols.) during 30 minutes 
and the d for | hour. The cooled solution was d by addition to 
ould ainen osha and the organic layer thoroughly shaken with more dilute sulphuric acid, 
followed by water (3 portions). Kemoval of the first of benzene from the dried solution 
(Na,SO,) was effected at room temperature under red: pressure. The excess of malonic ester was 
then recovered by distillation at 0-5 mm. (bath- Someeiees up to 100°}, in excellent yield. A fractionat- 
ing column was not necessary at this stage when acids higher than heptanoic acid were used. 
Acidolyms —A mixture of the crude acyimalonate (1 mol.)}, propionic acid (commercial 

8 mols.), and siphuric acid (1% by weight of total weight of reactants) was boiled under reflux for 3 
hours. a vigorous evolution of gas occurred in the carly stages. Then sulphuric acid (75 mi. of 4x.) 
was added to the slightly cooled reaction mixture, and refluxing was continued until no further gas was 
evolved The meshed of working up Gepended on the orale of the seaction ond nature of the product. 

Method A (small scale). The reaction product was poured into water, and the mixture neutralised by 
aqueous sodium hydroxide. The ketone, if solid, was then filtered off or, if liquid, taken up in a solvent 
and isolated in the usual manner. If the product was a keto-acid, it was extracted directly without 
neutralisation 

Method B (small scale; non-volatile hetones) and steam 
The product was then isolated from 

residue as u 

Method C (large scale). An required for neutralisation acid) of 
anhydrous sodium acetate was added to acidolysis mixture which was then distilled under reduced 
org through a Vigreux column (20 cm. long) to remove ethyl! te and most of the propionic 

The residue was then worked up as described in method (A). 
were converted into the respective methyl ketones. 


n-butyl 
RK’ Bu") was prepared. 


196/10 ma. 


140°) mm. 
— Carbonyoctyi® 
oChiloropheny! 

Semicarbazone, m. p. 117-—118" (Dakin, Amer. Chem J. 1910, 44, 46, ve 118"). 
* Semicarbazone, m. p. 122-123" (Pickard and Kenyon, 1911, 98, 87, 123"). 
* Semicarbazone, m. p. 117° (Razicka, Stoll, and Schinz, Chim Acta, and Asahina 
and Nakayama, Pharm. Soc. Japan, 1925, 62, 65, gave m ps 115— and Tet reapectively). 
‘ hay prepared from the acid and thiony! chloride, with removal of the latter in vacwo. * Oxime 

m. p. 77° (Thoms and Vogelsang, Annalen, 1907, 367, 161, a 77). * Dodecane-2 : 11- 
dione, slender needles light petroleum (b 40-60") |, 69° (Cason and Prout, J. Amer. 
Chem. 1044, 06, 46, reported m. p. 67-4-—47-8") (Found 724; H, 10-8. Cale. in 
C, 73-7; ug cry ‘Stallised from ethyl acetate and then benzene in 
115° (Found Cy requires N, 12-3%). Ovg 25, Grade. 
Crystallised from benzene m. Mowat, and Smith, /., 1937, 948, p. 59"): 
semicarbarone, m. p. 135° (idem, m. p. 135-136"). Semi 159° (Wahl and 
Rolland, Aen, Chim, {x}, 10, 29, reported m. p. 150160"). ™ Crude. from 
hen light petrol 2. 80° (Drewsen, Annalen, 
80-81"); oxime, m. p. Posner, ibid 1912, $88, 43, gave m. p. 172—173"). 


Ketone, R-CO-CH,,. 
’ id. B. p. or m. p. R. Method. B.p.orm.p. Yield, %. 
Octanoic ......... vam. 80°/10 mm. 93 
#-Decyl * (A) 107°/5 mm. 
Laurk »-Undecy! * (A) 27—-28° 7 
Ste 
Set 
Me 
‘be 
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—In this manner 
p. 10—112°/5 mm. ¢., “ 
128—130° 0-2 mm., (13 
The latter ester gave a 


requires N, 10- 
Ketodecanoate octanoylmalonic ester (1:25 mols ) similarly fornished 
a deep-red colour with ferric chloride (Found : C, 66-8; H, 10-0. Cale. for C gH 
C, 673; H, 10-4%) ( 112 g., 43%). She ont Son 
(b. p. 50°) colourieas Prisma, 42" (Breusch and. Keskin 
1946, 11. A, 24, reported m (Found: N,90. Cale for : 
Ethyl 3-Ketotridec-1 ~enoate.—Undec- 10-enoy! chloride (b. p. 98° /3 mm 0-2 mol ) was treated 
E 2 2 
with ethoxymagnesiomalonic ester (0-4 mol.), and the Product partly 
method. In this manner, (15 g. (semicar 
m, 122—-123°), and ethyl a colourless oil %), b. p. 122-124 4 mm... 
1-4485 (Found C, 70-5; H, 10-6. requires 70-9; 70-9; 6-2%) The latter 


requires 

Prepared in the usual manner (cf. Michael, loc. eit.) 
from Mag Smee and sodio-»-bu ester in ether, the ester was obtained as a colourless 
oil, b. p. 120°/0-5 mm., af 1 (Found: C, 64-9; H, Cy,H yO, requires C, 65-0; H, 
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71. Experiments on the Synthesis of Carbonyl Compounds. Part II. 
A General Synthesis of Saturated Ketones, R-CO-CH,R’. 
By R. E. Bowman, 


The benzyl esters of the formation of 
the t keto-acids, which readily lose of carbon dioxide to give the 
ing , R-CO-CH,R’. The 
absence of reducible substituents. A 
published (Nature, 1948, 162, 111). 


In the preceding paper a method of converting acylmalonic » 
the ketones R-CO-CH, by acidolysis was described. Failure to extend this reaction to the 
fully substituted compounds R-CO-CR(CO,Et), demonstrated the need of an entirely new 
approach to the problem. The hydrogenolytic fission of benzyl esters appeared to offer an 
alternative method of developing a general ketone synthesis as follows : 


RCOCR (COM), —> R-CO-CH,R’ + 2C0, 


A critical examination of this route served to emphasise the difficulties likely to be encountered 
in the first stage of the synthesis owing, in particular, to the high boiling points (¢.¢., benzyl 
malonate boils at ca. 170°/0°5 mm.) and low crystallising powers associated with benzyl esters 
in general: furthermore, there was also the possibility of some hydrogenolysis of the benzyl 
groups during the second stage of the process. Consideration of the possibilities involved, 
however, suggested that these difficulties might be avoided by forming the sodio-benzyl ester 


in the procedure would then consist of coupling of the sodio-derivative (I) with the requisite acid 


weight of reactants) were boiled under reflux for 3 hours. Excess of barium carbonate (5 times the 
of sulphuric acid) was then added to the cooled reactants, and the mixture set aside with occasiona! 
agitation for | hour. After filtration, the filtrate was carefully fractionated in vacuo in the presence of a 
trace of barium carbonate, through a Vigreux column 
ester (crude; 0-1 mol.) gave methy! 
), and the keto-ester as a colourless oil, b. 
C, 70-6; H, 108. Cale. for C,,H.O 
ted 
1140. 
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chlonde, catalytic debenzylation of the resulting keto-ester (LI), and finally thermal decarboxyl- 
ation of the acid (III) to the ketone (IV) : 


+ ROOCR OAM, —> ROOCH 


COyCH Ph 
charcoal at atmospheric pressure and temperature in ethanolic solution. Considerable diffi- 
culties were encountered at this stage owing to catalyst poisoning, but eventually most of the 
required hydrogen was absorbed. Decarboxylation of the product proceeded smoothly at, 
or just below, the boiling point of the solvent (ethanol), the expected product, 4-ketotetra- 
decanoic acid * (IV; K R’ CH yCO,H) being obtained in 66% yield. 

At this stage of the work, attention was focussed on the purely practical aspects of the problem, 
namely, the purification of commercial benzy! alcoho! and the finding of more effective catalysts. 
laitially, debenzylations were carried out in alcohol with palladised charcoal (iron-free) as 
catalyst; later mixtures of the latter and palladised strontium carbonate were used. More 
recently (unpublished results) the use of palladised strontium carbonate (10% of Pd) in - thy! 
acetate has been fouod to be most effective and is now the preferred procedure. As the result 
of these and subsequent experiments a general technique has been evolved and is described in 
full in the Experimental! section. 

By use of this technique, »-octanoy! chloride and n-octylmalonic ester yielded heptadecan- 
B-one (1V ; =m C,H,,, « C,H,,) (91%) which was characterised as the substituted Aydantoin 
(Henze, J. Amer, Chem. Soc., 1942, 64, 522), and similarly 2-methyipentadecan-5-one [IV ; 
CyH,,, (CH) CH CHYyCH, (80%) was obtained as an oil which resisted our attempts 
at charactermation. 

Sebacoyl chioride and #-octylmalonic ester (2 mols.) furnished octacosane-10 : 19-dione (V) 
in 78% yield, characterised as the dioxime and by reduction (Huang-Minion, /. Amer. Chem. 
Soe., 1946, 68, 2487) to the saturated parafiin, #-octacosane, together with the product of partial 
reaction, the known 10-ketononadecanoic acid (VI). 


(V) CO(CH,) CO-C,H,, CoH CO(CH,),CO,H (VI) 
(VUL) OH-CHPRCOC,H,, (1X) 


The failure of the G. M. Robinson ketone synthesis (J., 1930, 745) when applied to the 
of a substituted ketones Reports, 1939, 36, 300), and the low yields 
use of the cadmium di-see.-alkyls (Cason, J. Amer. Chem. Soc., 1946, 68, 2078), made it of 
inion to determine whether any such steric factors would operate in the debenzylation reaction. 
Accordingly 2-cthylhexanoy! chloride was condensed with benzyl sodioundecane-! 1 11-tri- 
carboxylate, and the product debenzylated and decarboxylated to yield 13-Aeto-14-ethylocta- 
decanore acid (VIL1) in 78% yield (crude); this acid was purified through its efhy! ester and 
characterised as the p-phenyiphenacyl ester. 

Attention was next turned to the synthesis of ketones containing groups other than alky! 
or carboxy-groups. «-Hydroxyundecanoic acid was converted by successive treatment with 
acetyl! chloride and oxaly! chloride into the @-acetoxy-acid chloride which, without isolation, 
was coupled with benzyl sodio-n-octylmalonate (I; R’ = C,H,,) and furnished in the same 
manner Cyl characterised as the oxime and by reduction 
(Clemmensen) to the known eicosanol. Acetyimandeloy! chloride and benzy! sodio-n-dodecyt- 
malonate gave, by the general procedure, |-Aydrory-1-phenylpentadecan-2-one (IX) in 65% yield. 
(LX) was characterised by oxidation with chromic acid (cf. Prelog, Frenkiel, Kobelt, and Barman, 
Hele, Cham. Acta, 1947, 30, 1741) to the dihetone and by reaction of the latter with o-phenylene- 
diamine to give a gusmoxaline. 

Finally, as an example in the aromatic series, m-anisoyl chloride and benzyl sodioethane- 
1: 1: 2-tricarboxylate were condensed, and the product debenzylated and decarboxylated to 
yield the known y-keto-y-m-methoxyphenylbutyric acid. The investigation is being continued. 


* Geneva nomenciature is used throughout this paper. 


benzyl alcohol (3 mols.). Ester interchange was found to proceed readily as shown by the 
elimination of ethanol which was obtained (as azeotrope with benzene) with the aid of a fraction- 
ating column in almost theoretical yield. The resulting tribenzyl sodio-ester (I; 
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EXPERIMENTAL. 


. apparatus fitted with ground-glass joints lubricated with silicone 
(Penske) and was fitted with a total « partial take-off 


een ienaten The benzene used in these experiments was commercial AnalaR benzene 
which had been stored over sodium wire 


Benzy. mercial pure’ benzyl alcohol was mixed with 
te usually 


conta zakichyde which was 7 a pressure in an 

charcoal catal in manner described 
19868, 26. 78 (catalyst D), with iron was removed from 
reduction mixture the final stage of preparation air was 
of the catalyst at 120° without ignition. 

Palladised strontium carbonate (ca. 10% of Pd). Palladous chloride (8-9 ¢.) was dissolved in AnalaR 
concentrated hydrochloric acid (21 ml.) at the b. p., and the solution, after ation with water (400 ml), 
added with vigorous stirring to a suspension of strontium carbonate (“ ee , 70g.) in water 
500 mi.) during 5 < sieeee The temperature of the stirred mixture was then raised to 80° du 
5 minutes, solid allowed to settle. The liqaid was removed 
te The catalyst was then removed by 
120°, and finely powdered. 

Acid chlorides. Unless otherwise specified, acid chlorides were in the usual manner from 
the acid and thiony! chloride, e that a considerable amourt of runaings was rejected to avoid 
contamination with salphur-containing substances. 

General Methods.— Preparation of sodiomalonates. The requisite sodiomalonates were 
prepared by two methods. (a) The ethyl malonate in benzene solution was in the asual manner 
to sodium which had been powdered under pure toluene or xylene, eee ae and the residue 
washed several times with AnalaR benzene. (6) Clean sodium (1 mol | was dissolved in magnesium- 
dried ethanol (20 «x wt. of sodium), and the solution distilled from a fitted with tap-fannel (guard- 
tube) and condenser leading to a Kon rectangle, in an oil-bath heated to 190°. When most of the 
ethanol had distilled off and a slight crest bad formed on the surface of { the the p in the 


flask was rapidly lowered, in the of cebvent endl the production of 6 foam 
of sodium ethoxide. The oil-bath was then removed and the ethoxide allowed to cool in eacwuo. The 
system was closed by means of the appropriate taps and the malonic ester (1 mol.) in benzene solution 


added from the tap-funnel. Formation of the sodium yo was immediate as shown by 

of the sodium ethoxide; air was then admitted through the guard-tube. Ben alcoho! (1 mol 

carbalkoxy-group in the malonic ester) was added to the foregoing solution, and the mixture dist 
through the fractionating colamn already described, under a x-ratio of about 5:1 so that the 
temperature did not rise above 69°/760 mm. The distillation of benzene-cthanol azeotrope was rapid 
at first but gradually slowed down towards the end of the interchange when distillation was carried out 
pag a higher reflux-ratio (20: 1) at about |—3 drops per minate, the temperature graduaily ae 7 
79°. At this stage the interchange was considered and the residue which 
benzene solution of bensy! sodiomalonate was allowed to 
4) was used in the preliminary ex ments as it allowed the interchange to be followed 

titatively but later, when this was found to be substantially complete ander the conditions 

second method was always used since, in practice, ft was more convenient and furnished a cleaner 


ct. 

Benzyl acylmalonates. The acid chloride (0-98 mol.) in benzene solution was added to the benzene 
solution of the benzyl sodiomalonate (1 mol.), with stirring or shaking, during a few mixrates, and the 
iixtare refluxed for a further 30 minutes. The cooled reaction mixture was then added to icewater 
containing a trace of sulphuric acid, and the organic layer separated. The aqueous layer was es 
with fresh benzene and the combined benzene extracts washed with water and dried (Na,SO,. 
moval of solvent was carried out at room temperature under reduced pressure until all water had 
off, and was finally completed at 100°/0-5 mm. The products were yellow or yellow-brown viscous oils. 

Debenzylation and decarboxylation of 1 acylmalonates. The foregoing product (04 mol.) was 
dissolved in mixture of ethanol and acetate (solvent volume, ca. 200 mi. 
aad stirred in an atmosphere of hydrogen in the presence of charcoal (10% of Pd: 4¢)u 

became slow (frequently 11. taken up). At this stage the 
catalyst was cither removed tration and fresh charcoal catalyst added, or palladised strontium 
carbonate ‘10% of Pd; mixture, and the hydrogenation continued. 
If the first procedure was adopted, Mac 
per minute being realised; with the second method somewhat 


A 
The fractions 
single-turn gt 
hydrogen | temperature | reaction mixture was | 
external cooling ‘urthermore, it was found on occasions that the hydrogenation became slow owing to 
ture decarboxylation, and accordingly the flask was evacuated and refilled with fresh hydrogen 
am the addition of fresh catalyst. When the hydrogenation was complete, the catalyst was removed 
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with the sodiem enol of ethane-1 1 2-tricarboxylate (0-125 mol.) from the ethyl 
ester (30-74 g., @ 126 mol). sodium (2-0 g., mol.) and benzy! alcohol (40-6 g., 0-375 mol.), and the 
product and decarboxylated as drecribed above. The sher removal of solvent, 
was @ semi- masse which was triturated with cold toluene (50 mil.). solid (14 g.) was removed 
and the Gltrate evaporated in an oil-bath at 170° to remove solvent and ae decarboxylate any free 
ethanetritarbonylic acid. When cold, the reskiue was dissolved in ethyl acetate (J00 ml), and the 
solution —— with water and evaporated to Trituration of the residue with cold light 
(b. p. 40") containing benzene (1%) furnished a further crop (6 g.). 

(>. p. 66-80") in colourless plates, m. p. 57°; Robinson and Robinson (/., 

tive The oxime separated from light petroleum (b. P- (trace) in prisms, 

m. p. 74°, as described by the same authors. 

Heptadecan- t-one.—The reactants were #-octoy! chloride (b. p. 81—82°/16 mm.; 19-0 ¢., 0-122 mol.) 
and benzy! sodio-s-octyimalonate (ethyl ester g.. @125 mol} The product was dissolved in light 

tolewm (b. p. 40 o. 100 ml) containing benzene (30 ml ), and the mixture treated with 2N-sodium 

droxide until alkaline. The organic layer was separated and the aqueous layer extracted again 
(2 = 30 ml. of same solvent mixture}, The balked extracts were washed with water and dried (Na,50,), 
and the solvent removed by distillation, eventually, at 100° /0-2 mm. (to constant weight), The prod 
readily solidified on cooling and was substantially pure Acetone (26-2 g., 91%), m 30—4)° 
lined readily from methanol in colourless plates, m. p. 42° (Found: C, 80-4; Gq requires 
. 194%). The derived (Henze, loc. cit.) ted in colourless 
123° (Pound: N,#3. requires N, 8-6 

can ‘The tat obtained in the same manner asin the previous experi 
ment, from Ealeeanel chloride (25-1 g., 0-122 mol.) and benzyl sod 
oil, b p. m. p. 0—10", 1-4408 (23-4 80%) (Found : é, 70-7; H, rey CygHyO 
requires C, 80-0, H, 19-39%) Attempts to prepare crystalline derivatives failed. 

Octacosane-10 chloride (b. p. 140°/1 mm.; 15 g., 0-062 mol.) was caused to 
react with bengyl sodio-#-oct (0125 mol.) prepared as previously, and the product 
ated and decarboxylated in the asual manner in ethanol-ethy! acetate solution (100 ml: 50 ml) 
solution obtained after decarboxylation, furnished, on cooling, 15 g. of the ketone ey My 
of the filtrate to 25 ml. furnished a second crop (5-5 g.), the total yield of crude material, m 25 
10: 19-dione separated from methanol as colourless plates, m. p. (Found 
C, 702 iz 


requires C, 70-6; H, 12-86%). Thy diorime crystallised from ethyl acetate 


in colourless 2 which melted at 68°, resolidified, and finally remelted at 76° (Found: N, 63 
Coglt ~Og, requires N, 62%). A sample of the ketone was subjected to the modified Wolff - -Kishner 
uction (Huang-Minlon, lec. off), to give m-octacosane, colourless plates (from ethanol), m. p. 64° 
4-48") 
The filtrate from the second crop of ketose was diluted with water (3 mi.) and neutralised hot with 


sodium hydroxide (4x); on cooling, the sodium salt of the keto-acid 
10-ketononadecoic acid, 

in colourless plates, m. p and RK (lee. cit) gave'm. p. 
oxime was treated with sulplmric acid to give the Sestead amide, m. p. 83°. 

Acid-A sample of 2-ethythexanoic acid (Messrs. British Industrial 
Solvents, Ltd.) was converted into its acid chloride (b. p 76° /20 mm.), and the latter (16-0 g., 0-008 mol.) 
treated with benzyl sodioundecane-! : 1: 11-tricarboxylate (0-1 mol.}. The oily product ‘obtained in 
the usual manner was refluxed with acetic acid (50 ml.) containing sulphuric acid (2 ml.; 20%.) for 
30) minutes to decompose any keto-ester present. After dilution with water, the mixture was steam- 
distilled until free from steam-volatile materials, and the residual oil isolated with ether. The residue 
was extracted with light petroleum (b. p. 40-60"; 400 ml.) at 0°. Evaporation of the light petroleum 
extract furnished the crude keto-acid (25-5 g., 78%) which was substantially pure since it was solid at 
room temperature (22°). A sample (10 ¢.) was purified by conversion into its ethy! ester (by azeotropic 
esterification), which distilled as a colourless oil, b. p. 1 192° /0-2 mm., 1-4480 (Found; C, 74-0; 
H, 11-46. requires C, 74-6; H, 11-09%) 

The ester was hydrolysed with boiling aqueous-alcoholic sodium hydroxide (w.), and the free Aeto- 
acid isolated as a colourless oil, b. p. 203-204" /0-3 mm., m. p. 24-—25-5" (thermometer in liquid; faintly 
cloudy melt), «ff 1.4580 (Found: C, 73-4; H, 11-7 requires C, 73-6; H, 11-7%). It formed 
a pphenyiphenacy! ester which separated from moist ethanol (norite) at 0° in interlocking colourless 

m. p. 43° (Found: C, 782; H, 91. C,,H,O 786; H, 94%) 

11-Ketoewosanel —11- Hydroxyundecanoic ace mol.) was dissolved in dry AnalaR 
benzene (50 ml), and acetyl chloride (13 ml.) added eter 10 minutes. The solution was then refluxed 
for a further 10 minutes, and the solvent and excess reagent were removed by distillation under reduced 

re. The residual acetoxy-acid was dissolved in fresh. dry AnalaR benzene (50 ml.), and oxaly! 

chioride (45 g., 0-35 mol) added. After the vigorous reaction had subsided, the mixture was refluxed 
op the steam-bath for 0-5 hour, and solvent and unchanged chloride removed by distillation under reduced 

at 90°/0-5 mm. The yield of crude acetoxyundecanoy! chloride was 33-0 g. (calc., 

A The chloride in benzene solution was brought into reaction with zy! sodio-n-octylmalonate 
(@125 mol), and the reaction product isolated as described for heptadecan-8-one. The product re- 
maining after evaporation of the solvent was hydrolysed with boiling alcoholic potassium hydroxide 
(x; 100% excess) and isolated by dilution with water. 11-Kefoeicosanol was thus obtained as a white 
solid (22-8 60%), m. p. 74-76", which crystallised from ethanol and then light petroleum (b 
60-80") im interlocking needles, m. p. 77° (Found: C, 768; H, 124. CyH,O, 
H, 12-86%). It was characterised as the ovimw which ted from benzene fight er . p. 
46-00") at 0° in slender needles, m. p. 38-——38-5" (Found : N, 4-4. + 3%). a 
Clemmensen reduction in the manner to #-eicosancl, p. 
(Levene wad Taylor, /. Biol. Chem, 1924, 68, 915, reported p. 


[ 


[1950] Experiments on the Synthesis of Carbonyl Compounds. Part III. 329 


with benzyl py ) as before. obtained 
and removal! of solvent was dissol 


The residue was gently warmed with aq lcohol h de ; 0-18 mol) for 13 minutes, 
and the product d by diluti water The crude (30 65%), m. p. 0-53", was 
slightly yellow, owing presumably to the presence of the corresponding Gitetone. Tt was crystallised 
several times from methanol and then light petroleum (bp 40-60"), whence it separated as tiny colourless 
prisms, m. p. 60° (Found: C, 76-8; H, 10-0. C,,H,,O, requires C, 70-2; H, 10-74%). 

The acyloin (1-5 g.) in acetic acid (20 mi.) containing sulphuric acid (2 mi of 206.) was treated 
dropwise at room temperature with cheomic acid watll the solution assumed pormancnt erange- 
red colour. Dilution with water afforded the p 

4000") furnished the didefone as 
H, 102%). The 
in methanolic 


deposited the guimoxaline (0-9 62°, 
from needles, m. p. (00 
7-8%) 


Acid 697° /3 mm.; 163 0-005 
mol) was treated with bentyl sodwethane-1 2-tricarbox tate mol.) in the usual manner. The 
t, after tion, solvent, was boiled with sodium hydroxide 

Seo mi: 2x.) for 30 minutes and the cooled solution acidified with excess of sulphuric acid (20n.). 
acid (16-35 g., 83%; m. p. 100-102") crystallised from aqueous alcohol (norite) in long needles, 

m. p. 110°. The semicarbazone separated slowly from its reaction mixture (aqueous-alcoholic solution) 


in needles, 177°. 1932, 231 111° and 177° for the keto- 
m. p. 4) gave m. p. respectively 
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72. Experiments on the Synthesis of Carbonyl Compounds. Part I11. 
Addition of Ethyl Acetoacetate to Ethyl Sorbate. 
By D. E. Ames and R. E. Bowman. 
ethyl acetoacetate to ethyl sorbate has been realised and the product (I) 
reduced “av (If). structure of (III) has 
been proved by reduction to ( :)-S-methyloctamoue acid has been synthesised by an 
independent route 
In connection with another investigation we wished to prepare 7-keto-5-methyloctanoic acid, 
CH,CO-CH,yCH*Me*(CH,),-CO,H, It seemed possible that a convenient method for the 
preparation of this material was by way of the keto-diester (I) which would result from a Michae? 
addition of ethyl acetoacetate to ethyl sorbate : 
CHyCO-CH,CO,Et + (1) 


There appears to be no recorded instance in the literature of the addition of ethyl acetoacetate 
to sorbic esters, although malonic and cyanoacetic esters have been used and been found to give 
products corresponding, predominantly, to 1 : 4-addition (Vorlinder, Annalen, 1906, 3456, 228 ; 
Kohler and Butler, J. Amer. Chem. Soc., 1926, 48, 1036; Farmer and Healey, J., 1927, 1060; 
Farmer and Mehta, J., 1930, 1610; Bloom and Ingold, J., 1931, 2765). 

In fert.-butanolic solution in the presence of potassium tert -butoxide the reaction furnished 
the unsaturated Aeto-diester (I) in excellent yield. This was vatalytically reduced with the aid of 
palladised strontium carbonate to the ae saturated Acto-diester (I]) which on 

with constant-boiling hydrochloric acid acid 
(III), characterised as its semicarbazone, p-bromophenacyl and ethyl ester. The structure and 
homogeneity of (III) were proved by unequivocal synthesis of the corresponding saturated acid 
(TV) ester), obtained in almost theoretical yield by the modified Wolff-Kishner 
reduction (Huang-Minlon, J. Amer. Chem. Soc., 1946, 68, 2487) and synthesised as follows. 
PritgBe =, 
(V1) (VIL) 
CHyCHPr(CH,);,CO,H  (IV.) 


| wing to emulsification was encountered, but eventually th extraction was completed The 
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-Chioropentan-4-one (V) and 
J. Org. Chem., 1948, 13, 239-248) gave 5S-meth 
unchanged ketone by oximation of the ketone, followed by distillation, and then reduced using 
Adams's catalyst and treated, without isolation, with potassium cyanide and then sodium 
hydroxide to give (+ )-5-methyloctanotc acid, identical with the acid resulting from (111). 

The evidence presented herein leaves, in our opinion, no doubt of the homogeneity or 
structure of (111). For the keto-esters (I) and (II) the position is not so clear, as complete 
absence of the analogous products formed by | : 2-addition cannot be assumed. 


sorbate (53 ¢.. 0-38 ) were added to ab 1 (150 ml) in which potassium (2:5 ¢) had 
heen dissolved, and the on bath at 110-1 for i2hours. The cold solution 
was poured into dilate sulphuric acid, and the oil taken up in benzene. After removal of the solvent 
and unreacted materials by distillation, the ethy! ester was obtained as an almost colourless oi) (78 ¢., 
76%), b. p. 120°0-5 mm., 14530 (Pound: C, 61-9; Cu requires C, 62-2; 
absorbed bromine with great 


av 

yl S-dicarboxylate (11).--The unsaturated ester (I) (86 was hydro- 
genated in the strontium carbonate ation 
was complete (1 A the saturated 
cotourtiess oil, 1-4479 (Found: C, 61-0; H,®2. C,,H,,O, requires C, 61-7; 

? ond wat Acid (111).—The foregoing ester (69 g) was refluxed with concentrated 
updonahiente acid and water _— mi of each) until evolation of carbon dioxide ceased (6 hours). The 
onl was taken up in « after removal of solvent was refluxed for 2 hours with 
sxdium hydromde (100 mi ; en and the solution was steam-<diistilled. Acidification of the residue 
furnished an ot] which was isolated the usual manner acid was obtained 


i” © wires C, 62-5 172). The tal eed from 
and the semicarbasone crystallised from ethyl acetate <dtioxan in tlay m. p. (Foe 

N, 17- CH WN, requires 183%) 


Ethyl 1-Keto-5-methyloctancate.-A mixture of the acid (55 4), ethanol (100 ml.), benzene (100 ml ), 
and sulphuric acid (2 g) was distilled through a Fenske column fitted with a phase-separator until no 
jurther separation took place. The cooled due was hed with water, sodium hydrogen carbonate 
solution, and water successively. After removal of solvent, the ester was obtained as a colourless oil 
which distilled at 91-02" /0-6 mm. and had «ff 1-4362 (62 ¢., 97%) (Found : C, 65-7; H.100. C,,H,O, 
660; H, 101%) 

Kishner Reduction of (U1). —The foregoing keto-acid (10 g.) was reduced with sodium hydroxide 
razine hydrate (13 mil: and 2: 2 cihydro yl ether (75 mi.) in the manner 
ribed by Huang-Minton (lec the reduced acid, ( }-5-methyloctanotc acid, isolated as an ol 


oa p. 140" 30 14356 (Pound: C, H, 11-6%; equiv, C,H, ,O, requires C, 

H, 114%; equiv, 158). The p-bromophenacyl ester cry from aqueous alcohol in 

colourless plates, m 46-5", admixture with the material prepared synthetically. 
id —14 


Symthesss of ( +)- hytheptene (VI) was prepared as described 
by Cason ef al. (low. est.) the homologuc, using »- bromide (80 magnesium (16 g.), and 
(80 g freshly distilled), The uct boiled at 70-—73°/22 mm. and contained 
about 15% of ketone (oxime value). The crude product (41 g.) was thoroughly shaken with a solution 
of ean a hydrochloride (20 g) in water (100 ml), sefficient sodium hydroxide solution being 
added from time to time to noe aqueous solution alkaline to p-bromophenol-biue. When no 
further alkali was needed, ~. compound was extracted with benzene. The organic layer was 
washed with water, dried , and distilled to give the cAloro-olefin as a colourless, mobile liquid 
(36 4), 72°/22 meg C, 65-5; H, 10-3. 
requires C, 65-56, H, 10- 2%) 

The abowe chioro-compound (34 ¢., wy mol.) was hydrogenated in 95% ethanol in the presence of 
Adams's catalyst (©2 g.). Absorption of hydrogen was extremely rapid and finally stopped when a 
total of 631. had been absorbed (theory, ray t After removal of catalyst by filtration, the filtrate was 
a neutralised with 10~x-sodium hydroxide, the amount of the latter being in accord with that 

uired if the excess of hydrogen was used to di chlorine as hydrogen ie. A solution of 

m cyanide (32 ¢) in water (50 ml.) was then added to the filtrate containing the saturated 
chloro-compound with todide (5 g and ethanol (150 ml), and the mixture 
on the steam-bath After cooling, the supernatant liquid was decanted from the solid 
material which was mashed alte with fresh ethanol (50 ml.). Sodium hydroxide (60 ml; 10s.) was added 
to the combined alcoholic extracts, and the solution refluxed for a Terther 30 hours. Water was then 
added and the mixture steam «distilled to remove a small amount of an evil-smelling material, 
the secyansde, Acktification (fume<cupboard) of the residue yielded ( + )-5-methyloctanoic acid whi 
was isolated in the usual manner as an oil, b. p. 150°/30 mum., nf? 14355 (Found: C, 68-2; H, 11-6%). 
The yield of this acid was 24g. (66%, based on chloro-olefin, or 81% if allowance is made for the extra 
hydrogen consumed during the hydrogenation of the chloro-olefin resulting in the formation of the 
corresponding paraffin). 
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The in colourless plates, 646-5" 
(Found: C, 574; H, 69. H, 65%). 
We acknowledge gratefully a maintenance grant made to one of us (D. E. A.) by the Medical Research 


Biexeeck Lowpon, E.C4, (Received, October 21st, 1949.) 
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By R. R. Arrxew, G. M. Baporr, and J. W. Coox. 

The action of hydrogen duoride on a series of acids (IIL; = — 0, 1, 2, 3) derived from durene 
has been investigated. In two cases (w « 0 or 1) no reaction occurred. en st meen | 
(nm « 2) gave a mixture of ketones (IV and V), one formed by elimination of a l group and 


by migration of wilt fluoride 
to give (V), with elimination methyl, whereas y no ketone 


Compounns of type (I), in which » = 2 or 3, undergo isomerisation and cyclisation on treatment 
with anhydrous hydrogen fluoride at room temperature, to give derivatives of s-octahydro- 
phenanthrene (II) (Badger, Carruthers, Cook, and Schoental, /., 1949, 169; Badger, Carruthers, 
and Cook, ibid., p. 2044). Cyclisation is evidently essential for isomerisation to occur, for 
hydrogen fluoride did not isomerise a number of related compounds in which the subsequent 
cyclisation could not take place. The analogy between this type of isomerisation and that 
observed with aluminium chloride has already been noted, as well as the analogy to the Jacobsen 
reaction, in which isomerisations are brought about by concentrated sulphuric acid. In these 
last two cases, however, cyclisation is not an essential feature, and in this respect, therefore, the 
isomerisations observed with hydrogen fluoride, at room temperature, appear to be unique. 
However, the displacement of an alkyl group by an entering acy! group in the preparation of 
aromatic ketones using aluminium chloride has been reported by Auwers and Mauss (Annalen, 
1928, 460, 240), and by Hennion and McLeese (J. Amer. Chem. Soc., 1942, 64, 2421). 
Baddeley (J., 1944, 232) has pointed out that migrations of alkyl! groups in benzene 
homologues, phenols, aryl ketones, and hydroxyary! ketones by means of aluminium chloride 
are related to one another and to the Jacobsen reaction. He also distinguishes between two 
types of aluminium chloride isomerisations, namely (i) the reversible isomerisation of homologues 
positions, and (ii) the irreversible isomerisation of aromatic ketones, 
the Jacobsen reaction, which involve intramolecular migration of alkyl groups to pi tirons 
positions and, alternatively, migration, perhaps intramolecular, of acyl groups. The 
rearrangements of octahydroanthracene derivatives show some of the features of both 
types. For this reason, and because most of the work on the Jacobsen reaction has been carried 
out with polyalkylbenzenes (“ Organic Reactions,” 1942, Vol. I, p. 370), we have extended our 
studies with hydrogen fluoride to some derivatives of durene and of pentamethylbenzene. 
Durene itself was unaffected by hydrogen fluoride at room temperature, a result which is in 
agreement with previous work (Calcott, Tinker, and Weinmayr, J. Amer. Chem. Soc., 1939, 61, 
1010), although it is known that hydrogen fluoride isomerises homologues of benzene at high 2 
temperatures and pressures (U.S.P. 2,416,184). ' 


Similarly, durenecarboxylic acid and durylacetic acid (IIL; m = 1) were recovered unchanged 
after treatment with hydrogen fluoride, and in this respect, these results are entirely comparable 
with those observed in the case of octahydroanthracene and its simple derivatives (Badger, 
Carruthers, and Cook, loc. cit.). With 6-durylpropionic acid (111; = 2), and with y-duryl- 
butyric acid (ITI; » = 3), cyclisation and isomerisation were observed. 


(vy 
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Treatment of §-durylpropionic acid with hydrogen fluoride gave a mixture from which 

4: 5: 7-trimethylindan-l-one and 4:5: 6: 7-tetramethylindan-l-one (V) were isolated and 
as the oxtmes. The former ketone is formed by simultaneous cyclisation with the 

loss of & methyl group, and the latter, formed in rather greater amount, by simultancous 
cyclisation with migration of a methyl group. Similar effects have often been observed in 
isomerisations with other reagents such as aluminium chloride. The structures of the two 
ketones were established by oxidation with dilute nitric acid to the corresponding benzene- 
polycarboxylic acids. Cyclisation and isomerisation of y-durylbutyric acid proceeded rather 
more readily, and in better yield, to give only one ketone. This ketone, also characterised as its 
oxime, was oxidised to mellitic acid, and was therefore 5: 6 : 7 : 8-tetramethyl-1-tetralone (VI). 

§-Pentamethylphenylipropiontc acid on treatment with hydrogen fluoride gave only one 
ketone, namely ¢ : 5: 6: 7-tetramethylindanone (V), 
a methyl group. Unexpectedly, the homologous acid, y-pentamethyiphenylbutyric 
ketonic product with hydrogen fluoride. 

lic acid was prepared from bromodurene by 

derivative (Fuson and Kelton, /. Amer. Chem. Soc., 1941, 68, 1500). 
durene, by a modification of the method used by Nauta and Dienske (Rec. Trav. chim., 1936, 55, 
1000) for mesitylene, gave chloromethyldurene and bischloromethyldurene. The former, on 
interaction with potassium cyanide, followed by hydrolysis of the resulting cy 
gave durylacetic acid (111; = — 1). Condensation of chloromethyldurene with ethyl sodio- 
malonate gave ethyl durylmethylmalonate, which on hydrolysis to the acid followed by 
decarboxylation gave $-durylpropionic acid (III; = = 2). Chain lengthening by the Arndt- 
Eistert procedure gave, through the amide, y-durylbutyric acid (III; n= 3). 


benzene by exactly similar routes. by 
§-durylpropionic acid followed by catalytic hydrogenation of the chloromethyld 
acid formed. 

The Friedel-Crafts reaction between durene and succinic anhydride in presence of aluminium 
chloride has also been investigated. In carbon disulphide solution this gave a mixture from 
which the normal product, y-Aeto-y-durylbutyric acid, m. p. 160°, was isolated with difficulty, 
together with the isomeric y-helo-y-prehnitylbutyric acid, m. p. 107°. Under these conditions 
Muhr (Ber., 1806, 28, 3217) claimed to have prepared y-keto-y-durylbutyric acid, m. p. 117°. 
This was evidently a mixture. When the reaction was carried out in tetrachloroethane solution 
y-keto-y-durylbutyric acid was more readily obtained pure, its isomer being formed in only 
small amount. This solvent influence is somewhat similar to that observed by oe 
Carruthers, and Cook (lec. cif.) in the corresponding reaction of s-octahydroanthracene and 
succinic anhydride. These authors found that in tetrachloroethane a mixture of keto-acids was 
formed, whereas the use of carbon disulphide led to more complete isomerisation to octahydro- 
phenanthroylpropionic acid. 

Reduction of y-keto-y-durylbutyric acid to y-durylbutyric acid (III; m = 3) was difficult, 
presumably on account of steric hindrance. It was not effected by hydrazine hydrate at 195°, 
and although the Clemmensen method yielded a small amount of the desired acid much of the 
keto-acid was unchanged. 


EXPERIMENTAL. 


Drarene —Durene was prepared bischloromethylation of technical xylene, followed by reduction 
of the bischloromethy! compound with zinc and sodium hydroxide solution (von Braun and Nelles, Ber., 
1934, 67, 1004). Keduction by catalytic apcugueetion in acetone, over palladised asbestos, gave a 
theoretical yield in small-scale (2-g.) runs, but on a large scale the reduction was tediously long and 
tended to give incompletely reduced material. Durene was recovered unchanged after treatment, for 
36 hours, with anhydrous hydrogen fluoride at room temperature. 

Chloromethyldurene.——-A mixture of durene (22 g.), glacial acetic acid (50 c.c.), concentrated 
chieric acid (110 ¢.c.), and aqueous formaldehyde (40%; 10-7 g.) was ted at 70°, for 6 hours, a 
further quantity (4-4 ¢) of formaldebyde being added after 3 hours. After cooling, us layer 
was decanted, and the solid dissolved in benzene, washed with sodium carbonate solution Soonl ne water, 
and dried (K,CO,). Distillation gave ye ng (22 g.), b. p. 139—141°/15 mm., which, after 
crystallisation from methanol, had m. p. 65-66" (Fuson and § ti, J. Amer. Chem. Soe, 1941, €8, 
2643, give m p. 67-68"). The solid residue from the distillation was sublimed at 160°/15 mm. 

Recrystallisation of the sablimate (3-5 g in different runs) from light petroleum gave bischloromethyi- 
duvene a8 colourioss needles, m. p. 193-194" (Found: C, 620; H, 68; Cl, 30-5. requires 


623; 70; Cl, 
Ethyl mixture of atomised sodium (3-5 g.), ethyl malonate (24-2 and 
benzene (75 c.c.) was heated under reflux for 3 hours. While still warm, chi (25-2 g.) in 
benzene (40 c.c.) was added, and the whole heated under reflux for a further 2 hours. ‘Alter cooling, 
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crystallised from 
H, 86. C,,H,,O, requires C, 70-6; 
tes, m. p. 176° 


(with evolution of dioxide) (Found C, 674; H, 69. C,,H,,0, requires C, 67-2; H, 7-24) 

tion of gas ceased acid (15) 170°, from benzene 


(Found 


boone. The resu dark residue 


acid (1-4 g.) identified by m. 
A 
mn of alumina, the was 


requires C, 82-7; H, 6-1° reas plates, m. 
from benzene—light C, 763; H, 7-8; 76-1; 


ol regenerated the 
for 6 hours, with water (2 c.c.) and concentrated nitric acid (1 ec.) and 
. 145—146", not on admixture with an au tic manner 
(cf. Cook and Hewett, 1934, 371; and J. Amer. Chen. 


3). 
Puri recrystallisation 4:5: 6: T-tetre- 
lindan-|-one m. p. nd: C, 82-8; H, 
, 829; H, 86%; M188), Them Pp was unchanged when i 


from ethanol in small needles, m. p. 211-—213° (Found : 
WON requires C, 768; H, 84; N, 69%). Oxidation of tetrameth 
_as described above for trimethylindanone, gave methy! mellitate, m. p. 186187", 


a depres by admixture with an authentic specimen, m 187—-188° 
y- Acid —To a stirred ion of aluminium 
carbon diva (30 c.c.), ic anhydride (2-5 ¢.) 


cartes ide (50 c.c.) was added dropwise, during 30 minutes. After far 
ot the mixture was set aside, without stirring, for a further 
16 hours. The acidic product (3-2 had m. p. 117-134", 
ethanol, followed by crystallisation of the sodium salt from water eto-y-d 1 
from the formed m.p 160-161", from ethanol (Found C, 71-5; 
sO, Tequires C, Hi H, 7-7 was regenerated when this ac was heated with 
Cobo ot 400° for 8 The ester crystallised 
mo m. p. 120--121° (Found: C, 68-3; H, 64; N, 35. C,,H,,O.N requires C, 
) 
The same acid was iolated following interaction of durene and succinic anhydride with aluminium 
in tetrachloroethane solution 


trom the mother-liquore of the sodium salt was from aqueous ethanol 
07-108" (Found: C, 71-6; H, 


zene—hexane, and heto-y-prehmstylbutyric acted, m 
77. CyHyO, Cc, 71 H. 7-7%). This acid (0-1 te sodium 
h ite solution (10 c.c.), and the suspension ly heated to 100°, with occasional shaking 
(2 hours). The mixture was maintained at 100° 3 hours and filtered hot. Acidification gave 
xylic acid, m. p. 165-— 166°, from ligroin (lit., m. p. 168-—169"), and the amide prepared 
mixture of §-durylpropionic acid 2 (2 
y- Dury: a re 
chloride were then removed in a vacuum, and the residue was with two 


dioxan, 


bined solutions were poured into water. 

colourless tes, m. p. 171-—172° (Found : C, 76-8 05; N, 61. 

(0 cic) 3) (0-89 
c.c.}. 
colvariese 


then plates, m. p. 139-—140° (Found : 
requires C, 76-2; 91%). 


successful. ng Reduction the Ciemmenaen method was, however. 
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the mixture was poet Fractional 
distillation gave chlorome 58— 160° 0-5 
mide crystallised from ethanol in needles, m 
requires C, 76-1; H, 93; N, 6-8%) 
Tsomerisation and Cyclisation of B- Dury 
with excess of anhydrous hydrogen fluorid 
and extracted with ether Extraction of the ethereal solution with dilute sodium carbonate solution | 
followed by acidification of the extract, ga p. and mixed m. p 
The ethereal solution yielded a brown oi fter purification 
passage of its solution in benzene throug obtained as a 
solid which separated from light les) and ketone-B 
ms), which were separated mechanica ‘ 
Purification of ketone-A by recrystallisation from light petroleum, gave 4°: 5 : 7-trimethylindan-1l-owe : 
met 
thre 
gradually, with stirring, to an ice-cold solution of diazomethane (from 7 g. of nitrosomethylurea) in 
ether (120 c.c.). The resulting solution was ev ated to dryness in a stream of dry air, and the residue, 
te (3 c.c.) and 20% 
was washed with hot 
from ethanol in 
Cc, 76-7; H, 
hydr 
ben 


Part II. 


and y . 
(1-0 @.), identified by m. p. and mixed m. p 


of the product from eye ve Ibutyric acid (0-27 g.), m. p. 138—139", Sdontical with that 
gave y-dury (0-27 g.). m. p. 


Durylbutyric Acid (IIL; 3). Durylbut acid (1 g. 


on tee and extracted with ether 

solution, ae ere of the extract, gave unchanged ace 

mixed m p peep tion of the ethereal solution gave a 

om ethanol (twice) ve 6: tetramethyl \- 
(Found: C, 83-4; 200. requires C, 83 
vime formed colourless m. p. from ethanol! (Found 77-15; 

$4: N, aires C, 17-4; H, 68; N, 645%). The oxime (0-05 hydrolysed as 
des ribed +h trimethy . Yielded after crystallisation from ethanol the ketone of the same 
mp Onidation of this ketone V1) with dilate nitric acid ae described above for trimethy lindanone 
mellitate, m. p. 185-—187", from meth on with on onthantic 


obtained from the bromo-derivative by interaction with magnesium 

ith It from light petroleum 
178". FPusen and Kelton (/. Amer. Chem. 1941, p. 
wochanged after being kept in anhydrous hydrogen fluoride, at room temperature, 


Durylacetic Acid.—Potassiom cyanide (5 ) in water (9 ¢.c.) was added to chi ethyl (2¢.)- 
in ethanol and the mixture was under reflux for 2 hours. 
to large excess of water. The precipitated tds formed (from 
aqueous methanol), after distillation (b 168° 20 mm.) (Found : Cc, H, $5. $3. 
requires C, 832, H. 67, N, of the crede cyanide, by boiling with mixture of 
which 


of sulphuric 


benzene in colourless plates, C, 752; #1. Tequires C, 75-0; H, 
64%). Durylacetic acid was recovered unchanged after treatment wah fluoride, at room 

gy tor 48 hours. 


at 


y was by bischloromethylation of mesitylene 
(Naeta aed Ree. Trav. chim., 1936, 56, 1 followed by reduction the bischloromethy! 
compound. Several wane in on to thisreaction. Reduction by 
hve liad in acetone, though it in small scale runs (2 = 
with (oh stor wn Dag was found to be tediously long and to give incompletely reduced pr 
with sinc and aqueous alcohol (cf, Hewett, 1940, 298) gave mainly non-crystalline u: 
able products, as did reduction with oickel- aluminium oy and aqueous sodium hydroxide, at about 
0". The reduction was most readily accomplished by stirring the bischloromethylmesitylene, ~~ 
described by von Braun pee Nelles (Ber, 67. 1004) for the reduction of bischloromethylxylene, ‘the 
yield of pentamethylbenzene was ph reduced 
Pentamethyibenzene was also obtained by shaking chi thyldu (10 g.) im acetone (150 ¢.c.) 
with hydrogen at ordinary pr and temperat« in p of palladium on asbestos as catalyst. 
Reduction was complete within 3§ hours 
Pentamethy le 


thylbenzene (14 g.), concentrated h 

acid (70 «.c.), and formaldehyde {7 g. ; was stirred while being heated at 65° for 6 
a further quantit 5 «) of formaldehyde being added after 3hours. After cooling, the aqueous layer 
was decan and t the semi-solid residue dissolved in benzene, washed with sodium carbonate solution 


and then with water, and dried ( Ky O,) Distillation yiekled pentamethylchloromethylbencene (12 §) ). 


b. p. 148° /14 mm, crystall from in prisms, m. p. 82-——84° (Found ; C, 73-05 
Cl 174 H ,,Cl requires C, 73-3 Cl, 18-0%). Pentamethylchloromethylbenzene 
was also obtained,  Teoteh mined with hesamethylbenzene, treating hexamethylbenzene with 
tachloride as described Ber 1880, 1217), who claims to have obtained 
pe hh thylbenzene, m. p by this method 

jamethylbensyimalonate mixture of atomised sodium (1-7 g.), othy! malonate (13-6 
benzene (12 g.) in benzene (20 cc.) was added, and the whole heated under reflux fora esther 3 hawes. 
The canted mixture was then poured into water, and the benzene layer separated, washed, and dried. 
Installation pave | Pemtamethy ib b. p. 177-180"; mm. (14-5 g.), which ised 
trom ethano p. 71—73° (Found : 2; H, Cal O, requires C, 71-2; 88%). 
of the eater, (14'S with agucous-t hanolc potassiam h for 2 hours gave penia- 
methylbensyimalonic acid (94 med plates, m. p. 191-5" (with evolution of carbon dioxide), 
from aqueous ethanol (3 1) (Pound: C, 68-45; OL 74. 


id (6-4 formed needles, m. p. 175-176", 
benzene (Found: C, 76- 93 CiglieO, requires C, 76-3; 
This acid was also obtained as follows. A mixture of §-du 
dehyde (1-5 ¢.; 40%), and concentrated hydrochloric acid (20 c.c.) was 


heated at 60 tity (1-0 ) of formaldehyde was added. 
was added to water and filtered. £-C acid formed needles, m. 
C, 62, H, 7-45; requires 660; H,7 
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‘ Additions of sine (total, 15 ¢.) and of hydrochloric acid (total, 75 cc 
oduct, m 114-~130°. was purified by conversion into the sodium salt, and separation into soluble 
ae 
carbon 
in ether, foliowe 
It was recove 
for 44 hours 
p. 216—218", 
; Cl, 13-90%). 
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with evolution of gas (from ethyl acetate) (Found: C, 71-4; nese, 


8-5%). 
un of when acetic acid was present, yielded 
acid; its identity was shown by m. p. and mixed m. p. with a specimen 
desc above and by with sodium to §-hydroxymethyldurylpropion 
temperature and pr e 


{ palladium-black. Keduction was complete 
filtered residue yrekied acid, m. p. 172174", not depressed by muxture 
with the specimen as described above. 

and off The ac .) was left in contact 
with excess of anhydrous h fluoride for 36 hours. The resulti | was poured on ice 
and extracted with ether. Extraction of the ethereal solution with 
by actdification of the alkaline extract gave uncha 
brown oil (0-54 g.) which solidified in an ice-bath. ge 

yellow rystallised from ligh 


y 
preparation of 
Aad.—A mixture of hyp pro 
chloride (2-35 cc), bensene (15 c.c_), and pyridine (1 xed The benzene and 
excess of thiony! chloride were removed m vecwo, and the residue was sod oth 2 portions (16 ¢.c. 
each) of dry benzene. The residue in benzene (20 c.c.) was added wih string to an ice-cold solution of 
diazomethane (from 8 g. of nitrosomethylurea) in ether (150 c.c.). The resa mixture, from which 
of the diazoketone could be crystallised by cooling it in ice, was eva; ted to dryness in a stream of 
air, and the reskiue, dissolved in dioxan (25 c.c.), was refluxed for 24 hours with a solution of silver 
nitrate (3 c.c.; 10%) and ammonia (15 c.c.; 20%). The resulting mixture was filtered hot, the residue 
and the combined solutions were poured into water y- Penta- 
15 ) formed very small needles, m. p. 185-—-186", from benzene (Found: C, 
,H,ON requires C, 77-2; H, 99; N, 60%). Hydrolysis of the amide 
m h (5 g.) im ethanol (50 ¢.c.). 
g.) formed . p. 157-168", from benzene (Found ; C, 76-8; 
requires 76-0: Wren thi Phen this acid was left in contact with excess of hydrogen 

it was recovered 


the Department of Scientific and Industrial 
Microanalyses were carried out by Mr. J. M. L. Cameron and Miss KR. H. Kennaway. 
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74. Acetylene Reactions. Part VII. Acetylenic Amino-alcohols 
from Benzophenones. 
By H. P. W. and J. D. Rose. 
pounds of the pee uaa, and their semi- and 


Two methods 4 


of 3-alkvlamino- and 3-dialkylamino-but-l-ynes 
or its acetate, 


As part of a general programme of work on 

of diphen were required containing a basic substituent in the unsaturated side chain. 
Substances of type (I) and their ethylenic analogues, which have some structural similarity 
to “ Trasentin ” (LI) (Meier and Salow, Klin. Wochenschr., 1936, 15, 1403, 1405), “ Aspasin ” 
(II) (B.1.0.S. Final Report No. 116, p. 57), and the 3-dialkylamino-1 : 1-diphenylpropanols 
(TV) (Roche Products Ltd., B.P. 615,136), seemed to be most readily accessible. 


CPh,(OH)-CiC-CHR-NR’, 


(IL) 


335 
acetic acid 
Found: C, 
H,©, requires C, 71-15; H, 
axymethy!- 
prepared as 
ic acid 
at ordinary 
also 
ind ance 
(to 
University oF Giascow. 
hydrogenation, addition of hydrogen chloride, and Meyer—Schuster rearrangement with 
sulphuric acid, are described. : 
(Iv) 
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subsequently be reacetylated. This failure is not unexpected, since not only is the hydroxyl 
group tertiary, but the molecule contains in addition a strongly basic group and is too unstable 
to acid reagents to permit very drastic acetylation conditions. 

The loss of the acetyl group during the Mannich reaction is more surprising. Judged by 
the difference in reactivity between the carbinol and its acetate in this reaction, it would appear 
that deacetylation does not precede the Mannich reaction, and the use of morpholine hydro- 
chloride in place of the free base did not prevent deacetylation. 
from the acetate than from the carbinol is in accord with the findings of Jones, Marszak, and 
Bader (/., 1947, 1578). 


amino-but-l-ynes (I; K « Me) tended to split off the amino-group in the second stage of the 
reduction, and attempted saturation of 4-morpholino-1 : l-diphenylpent-2-yn-l-ol caused 
complete disruption of the molecule. Amines of the type (I; RK <= H) were easier to reduce 
and the reduction products were stable. 

With sulphuric acid the 4-dialkylamino-1 : 1-diphenylpent-2-yn-1l-ols underwent the Meyer— 
Schuster rearrangement to 4-dialkyamino-1 : 1-diphenylpent-l-en-3-ones (V), but with hydro- 
chioric acid simple adducts (VI) of the acetylenic amines with HC! were obtained which on 
treatment with alkali regenerated the original amine and with sulphuric acid gave the 
aS-unsaturated ketones. 


The fact that (I) is regenerated by alkali treatment of (VI) disposes of the possibility that 
the hydrogen chioride adducts might be those of the af-unsaturated ketone (V), and the 
conversion of (VI) into (V) by dilute sulphuric acid considerably strengthens the probability 
that the orientation of the adduct is as shown. The addition of hydrogen chloride to acetylenic 
amines does not appear to have been recorded previously, although there are a few examples 
of its addition to acetylenic carbinols (see Johnson, “ The Chemistry of the Acetylenic 
Compounds,” Vol. I, p. 101, Arnold, 1946); in most of these cases dehydration to a vinyl- 
acetylene was possible and may have preceded addition. Where simple addition occurred, 
the position of the halogen was not determined. 


EXPERIMENTAL. 


The 3-alkylamino- and 3-dialkylamino-but-l-ynes used in this work were prepared by the methods 
of Part | of this series (Joc. cit). 

4- Dimathylamuno-\ —A solution of benzophenone (175 vn 
aminobut-I-yne (105 g.) in ether (200 cc.) was added during one hoar to a stirred 
potassium hydroxide (180 g.) in dry ether (700 cc) at 15—20". After 16 hours’ stirring, = ab) 

was added, and the mixture filtered, giving 97 ¢ of crude amine (32%, based on the dimethylamino- 
ern The ethereal! laver from the filtrate was shaken with 1-bn- hydrochloric acid (1 1.) which om, 
after filtration, 80 g. (24%) of the base hydrochloride. From the filtrates 49 g. of benz 
36 g. of unchanged 3-dimethylaminobut-l-yne were recovered. When crystallised 
alcohol, 4-dimethylamuimo-| formed white plates, m. p (Foun. 
C, 62-1; H, 7-2; N,&3. C,.H,,ON requires C, 7; H, 7-45; N, 50%). The 

tes sero methyl alcohol), m P 223 (decomp . bath ‘heated to 205") (Found : C, ’ 

ret ires C, 57-0; H, 5-7; N, 33%) The Aydrochloride, white needles from aqueous 


ise (decomp. ; bath pre-heated to 180°) (Found C, 66-8; 668; H, 73; N, 


Hy ON HCLLSH,O requires 666, H, 73, N, 41%). Attempts to form the acetate with 
in pyridine were unsuccessful 


336 
Two routes were used for the preparation of these compounds. The first was based on 
the availability of the B-alkylamino- and 3-dialkylamino-but-l-ynes (Part I of this series, 
J, 1949, 780) which condensed readily with benzophenone in the presence of alkali to give the 
with 4: 4’-bisdimethylaminobenzophenone (Michier’s ketone). 
The second route involved the Mannich reaction of diphenylethynylicarbinol (from benzo- 
phenone and acetylene), formaldehyde, and the secondary amine. In this reaction it was 
found advantageous to acetylate the carbinol before carrying out the Mannich condensation, 
as otherwise very low yields were obtained. It is noteworthy that during the Mannich 
condensation the acetyl group was lost and the resulting amino-acetylenic alcohols could not 
The acetylenic amino-alcohols underwent catalytic reduction to either the ethylenic or 
the saturated analogues, although there was considerable variation in the ease of reduction 
=) beyond the ethylenic stage. Those alcohols derived from the 3-dialkylamino- and 3-alky!- 
\ 
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im ether (120.c.c} as described above 
t a ethyl 


142144", from alcohol (Found: C, H, 
: 5-8; N, 30. 


H, 69; N, 
could tes 
Duethylameno-1 solution of benzophenone (180 g.) and 
aminobut- 1 yne (120 g.) in ether (250 c.c.) was added duri one hour to a stirred suspension of 
hy ide (180 g.) in dry ether (750 cc.) at 16—20°. After 16 hours’ stirring, water (1 1. 
was added, and the ethereal layer separated and extracted with water (1 1.) containing concen 
hydrochloric acid (150 c.c.). The aqueous layer was made strongly alkaline with 10x-sodium hydroxide 
and extracted with ether. ve 53 ¢. (44%) of unc 


diethylaminobutyne and a residue (135 g.) of 4-dsethylamino-| - vipent-2-yn-l-ol, which a 
crystallisation from light petroleum (b. p. 60-—80°) formed “adie te m. p. $1—82" (Pound: C, 
81-7; H, 7-8; N, 435. CoH, tequives €, 82-1; H, &1; N, 466%). The methiodide formed white 


needles, m. p. 183°, from water (Found: C, 58-6; H, 6-75; N, 3-0. CyH,ONI requires C, 56-0; H, 
), from dioxan ( Found : 


Drethy p-tolylpent- (5 g.), 3-diethylaminobot~-l-yne 
(5 g.), and powdered potassi hydroxid (were caused to interact as above in ether for 
48 hours to give the ams (24 08 waite prieme, light petroleum (b. p. 60-—80") 
Found: C, 82-1; H, 635 “4: N, 42%). The methiodide 
ormed white prisms (from (decomp) (Found : C, 6-6; H, 68; N, 2-7. 
Cults ONI requires C, 60-4; H, 67; N, 


thylamino-|-phenyl- 1 -p-tolyipemt- was from 3-diethylaminobut- ~ 


as), (25 g.), and potassium the usual manner. 

Mm. p. from light petroleum (b. p. 60-80") (Found: C, 
22: H, $3; ees N, 44%). methtodide formed white 
prisms (from alcohol), m. ‘ th preheated to be C, 50-1; H, 6-5. 
Cg HONT requires C, 59- H, The torened. whl (decomp., 
bath preheated 165"), water (Found: C, 725; H, 7-8. requires C, 


+isoPropyiamino-1 1-ds 2-yn-1-ol —-Similarly from benzophenone (30 «.), 
3-:sopropylami but-l-yne g.), this amino-aleohol formed white 
prisms, m. p. 79-80", from light 6080") (Found: C, 820; H, 78; N, 
495. CyHyON requires C, $1-9; H, 7-8; N P The hydrochloride formed white nesdles, m. p. 


180°, from acetone (Found N, 41. N, N-acetyl derivative, 
needles from m. p. (Found 78-65; H, 7-5; N, 465. requires 
Cc, 788; H, 746 42 

4- phenyl pent-2-yn-1-ol —-p-Methoxyb (8 


ethylaminobut-I-yne (12 g.), and potassium hydroxide (15 g.), when “similarly interacting in ether 
(75 .c.), gave an oil (11 g.) which crystallised when set aside at 0° for 7 days a lige gy we 


requires C, 57-6; H, 63; N, 2-0%). 


4-Drethylamino-1 : 1-di- -p-methox} was in the usual way from 
‘-<dimethoxybenzophenone (5 g.), ylaminobut-l-yne (5 g.), hydroxide (5 g.). 
amino-alcohol was obtained as white prisms, m. p. 100°, from light m (b. p. 60-80") (Found : 
C, 7515; H, 77; N, CysHyO,N requires C, 75-2; H, 19; 3-8%). 
Dn Acetate. —Dipheny' lethynyicarbino g.; Campbell, Cambell, and Eby, 
J. Amer. Chem. Soc., 193%, 2882) was dissolved in chloride (8 
added dropwise with stirring and cooling. After being at 40--60° for 3 hours, the mixture was 


poured into ice and water (200 g.), and the product extracted with ether and washed with dilute hydro- 
chioric acid (twice) and water. The dried (MgSO,) ethereal solution was distilled, giving 5 g. of an 
oil, b. p. 120°/1 mm., which solidified when for 14 days at 0° and recrystallised from cyclohexane 
to give colourless of ere acetate, m. p. 70—80° (Found: C, 81-65; H, 5-6. 
Cy , 81-6; H, 56 


orpholino-1 1-di From acetate acetate 
(© movphetine (13 and were heated together at 10 


6 hours. The dioxan was removed distillation in vacuo, the residue dissolved in ether, 
the ethereal solution washed with dilute m hydroxide solution and shaken with hydrochloric = 


ng 4-morpholino-1 ~ol hydrochloride, small prisms (irom water), p. 203° 
‘decom bath ted to (Peon 69-5; H, 60; N, 395. 
it, 64: , The by basification of a warm neous solution of the 
colourless needles from methy! alcohol, m. p. Cc, 784; H, 
N, 44. om 78-2; H, 6-85; N, 4-6%,). rege 
168—170° alcohol (Found : C, 55-9; 3-0. 
C, 66-1; H, 5-36; N, 31%). derivative could not 


From carbinol (21 ( 


I requires No acety! Gerivative could Ux 
,N requires C, 783; H, 80; N, 42% The methtodide | 
ated 
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im vacuo, the residue dissolved in ether and extracted with acid (20 c.c. of concentrated 

te was extracted with ether, and, depen and 
(03 1%) as needles, m. p. 150-~152°, 
with those obtained eader (a), above. 


Pressure by using 
com wed 


ion of 
rea C, H, #2; N,&0O%). The methiodide formed colourless 
to 210"), from water (Found: C, 56-565; H, 61; N, 3 CyliggON] requires C, 56-7; 


I-diphenylpent-2-yn-l-ol (5 .), 
(100 c.c), was hydrogenated at ordinary temperature and ps 
means of Raney oickel catalyst. The reduction proceeded in two stages, 415 c.c. (theory for 405 cc.) 
Evaporation of the filtered solation in oan and of the 
b. p. 40-40") gave 4-dimethyiamino-| 
Found: C, H, #65; N, 5-4. H, N, 406%). 
— a. from methanol (Found: C, 564; H, 65; N, 3-05. 
). 
was obtained by of 4diethylamino- 


#2 The maethiodsde formed solourieas 
m. p : C, 6826; H, 635; N, 


alcohol (100 ¢.c) was hydrogenated at room of Raney 
Absorption of 510 c.c. (theory for Hy, 513 took 
Il hours, after which the experiment was stopped although was still occurring. The solvent 
was distilled from the filtered solution, and the presence of dieth ine in the distillate was established 
by isolation of its hydrochloride and picrolonate, and by the formation of N-e-naphthy!-N’N’-diethyl- 
urea, identical with authentic specamens. The residue after removal of methyl alcohol was dissolved 
in ether and extracted with dilute hydrochloric acid, the aqueous acid extract basified with 10~-sodium 
hydroxide, and the precipitated amine isolated with ether. Crystallisation of the residue from light 
petroleum (b ) gave 4-diethylamino-1 ; (3-0 g.) as colourless plates, 
m. p. 02-04" Found: C, 81-05; H, #0; N, 4-26. H, N, 45 
The methrodide 178-180" ( aqueous methy! alcoho! (Found 


55-0; H, 71; N, 925 Cult ONL,H,O requires C, N, 29%). Attempts to carry out 
t 


the complete reduction wi tinum or with palladium under pressure gave low yields of product and 
much fission to diethylamine 
4 Morpholimo-1 : : 1-diphenylpent-2-yn-l-ol (5 g.) was 
reduced with a um- -calctum catalyst described for the dimethylamino-analogue. 
The base 3 , from light petroleum (b. p. 60-——80") 
(Found 77-4, HL. 76; N, 435 »,N C, 18-0; H, 7-7, N, 43%). The methiodsde 
formed soloution prisms, m. p. 232° (decomp. ; bath preheated to 210°), from methyl alcohol (Found : 
C, 56-35; H, 68; N, 27 H,,O,N1 requires C, 56-7; H, 60; N, 30%). Attempts to effect the 
saturation of the acetylenic linkage by means of platinum oxide gave a 16% yield of the ethylenic 
amine, and mach morpholine. Raney nickel or palladium-calcium carbonate with hydrogen under 
re also gave a low yield of the ethylenic amine, and much fission occurred. Attempted further 
vdrogenation of the ethylenic amine gave the unchanged base in low yield and decomposition products, 
and reduction with sodium and liquxl ammonia was also unsuccessful 
4-Morphotino —4-Morpholino- 1-diphenyibut- -2-yn-l-ol (32 g.) was 
hydrogenated in dioxan (100 cc.) at room ft e and i 
calctum carbonate as catalyst. The hydrogenation was st bsorption 
(absorption was still proceeding rapidly; theory for 240 c.c.), and after filtration and ev 
gave a product (3g), m. p. 50--70", which a’ three recrystallisations from methy! alcohol 
and two from light petroleum (b. p. 60-—80") gave 4-morpholimo-1 (2 g.) as 
noedics, m. p. (Found: C, 77-7; H, 74; N, 43. N wires C, 77-8; H, 74; N, 
methtodide formed smal! prisms, m 203" (decomp., bath preheated to 190"), from 
C, 667; H, N34 requires C. H, 58; N, 31%). 
diphemy was carried out as described for the semi- 
rogenation but the experiment was continued until abac 
Ag m. p. 128-130", from | 
C, 760; H, 80; N, 465 requires C, 77- 2. 
m 204° (decomp.; bath heated to 190°), from water (Pound C, 56-5, H, 6-05; N, 3-4. 
requires ©, 554; H, @2, N, 31%) 
was heated with dilute sulphuric acid (20 c.c. of concentrated acid in 100 c.c. of water) at 100° 
20 minutes. After cooling, 10~-sodium hydroxide (70 c.c.) was added, and the solution, after filtration 
meng ee we pe te, was extracted with ether to remove non-basic by-products 


| 
| 
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7-55 Cc ON C, 81-7; H, 75; N, 50 cream-coloured 
th preheated to (Foun C, 87-5; H, 5-7; N, 3-5. 
‘ON coquives C. 876; H, 5-7; 

This amino ketone was very unstable purified specimens decomposed to a brown liquid in 72 hours, 
and impure specimens were even less stable. For this reason the complete preparation and the 
utilisation of the product were always carried out in one day. ne SO BS 
was non-basic, and it was possible to recover some of the amino-ketone @ partly 

by extraction with acid. 


a hented at 100° for 6 with water (0 ce) and ad acid ( 
to 45°, the insoluble b a 


4-dimethylamino-1: 1 
(Found: C, 63-25; 6-4. requires C, 63-15; 
formed white prisms, m *, from light hee te 40-40") (Found : 
N, 44; Cline. g 723; H, 740 44; The 
white m. * (decomp ound: C, 52-56; H, 5-55; 
N,2 requires 5-5; N, 
The use of very di thle ve onl 
24 hours’ boiling; concentrated hydrochloric acid (15 minutes ry 


p. 232° 
1-4 yipent-2-en-1-ol 
hydroxide at 
and hydrogen at room temperature and pressure, 
When the 


: 1-diphenylpent-1-en-3-one is formed. 
in water (50 c.c.), was boiled under reflux for 24 hours. After , some 
ether-extraction, the aq was basified with dilute sodium h 
solution, and the product (a sticky solid) extracted with other. After drying (MgSO,) and evaporation. 
a viscous yellow oi] was obtained, which on crystallisation from light — gave only a low yield ol 
recovered diethylaminodiphenylpentynol, m. p. 81-—83°. Methylat of crude oil with 
iodide in acetone, however, gave from alcohol. This was not iden 


with the methiodide of the 


Chloro-4- 
morpholino-1 1-diphenylpent-2-en-1-ol —4-Morpholino- t-2-yn 
was bated with (30% and water (100 at 00" for mina. Ate 
cooling to 40°, the precipitated nydrochloride (5 g., 41%) was collected and 
yipent-2-en-1-ol Aydrochloride as needles, m. p 
O,NC1HCI requires C, 63-9; H, 6-3; N, 36%). The free 
sodium h xide, separated from methy! alcohol in small 
p. 106-106" (Found: C, 70-4; H, 69; N, 40; cl, 10-7. 
67: N, 39; Cl, 101%). The methiodide formed i 
alcohol (Found C, 52-5; H, 5-4; N, 25. Cy,H,/O,NCII requires C, 8; H, 
pheny!pent-2-yn-l-ol, m. p m m we uction with Raney nickel and hydrogen 
at room temperature and sure gave 204, of . oon rr amine and much unidentified tar. 
4-Morpholino-1 1-di ipent-l-en-3-one —4- : 1-diphenylpent-2-yn-l-ol (2 was 
dissolved in dilute sulphuric acid (8 c.c. of concentrated acid me 40 cc. of water), and the solution heated 
on the steam-bath for 30 minutes. The cooled solution was made strongly alkaline with 10~n-sodium 
hydroxide, and the Fa~ ee oil extracted with ether. The ethereal solution was extracted with 
2n-hydrochloric ac the acidic extract basified (10N-NaOH), and again extracted with ether. 
Evaporation of the ether gave a yellow oil which could not be induced to crystallise. Addition of dry 
(Found : 70-3; H, 675; N, 39 ‘ot the stating 70-5; & 
p- (186°) of the hydroch 
iodide gave the methiodide as de decomp.), from alcohol (Found 
C, 57-2 60; N,29 H,,O,NI requires C, 5&7; methiodide depressed 
the m. p. (5082089 of the white) methiodide of The same material, identified 
hydrochloride and 


methiodide, was formed when 1: 1 -diphenylpent-2- 
Iwperiat Cremtcat Inpusteres (Dvesrerrs Division), 
Brackiey, Mancnester, 9. 
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fter 
the molecule and gave a non-basic tar from which benzophenone was isolated as its dinitrophenyl- 
hydrazone (m a 
$-Chioro-4-dim le original acetylenic amine 
on treatment with rs. On catalytic reduction 
with Raney nickel of the material is recovered 
unchanged, the res alcoho! is heated with 


0 Nowlan, Slavin, and Wheeler: The Transformation of 


75. The Effect of Bond Structure on the Transformation of 0-Aroyloxy- 


acetoarones into o-Hydrorydiaroylmethanes. Baker-Venkataraman 
Transformation. 


By N. V. Nowtan, P. A. Stavi~, and T. S. Wueecer. 


The experimental results indicate that the BHaker-Venkataraman transformation of oaroyl- 
oxyacetoarones into o-hydroxydiaroyimethanes takes place more rapidly across the 2: 3-bond 
{single bond) in naphthalene than across the | 2-b« (double bond). This is attributed to 
ester-type neutralisation across the double bond, and is in accordance with the view (Doyle 


at, Pree. Roy. Dublin 1948, 391) that the transformation involves a base-catalysed 
intramolecular Clausen cond Pre y results with o-aroy do not 


seem to be in accord with the Mills-Nixon view of bond distribution in indane 


The tendency of o-hydroxydiaroyimethanes, to undergo spontaneous 


lisation to the corres ng flavones when K contains an electrophilic (nitro-) group is 
uscd. A number of new 4-pyrones are - 


described 
It has not been found possible to transform o-arylsulphonyloxyacetophenones 


Tue transformation of o-aroyloxyacetoarones into o-hydroxydiaroyimethanes (Baker, /., 
1933, 1341; Mahal and Venkataraman, /., 1934, 1767) has been shown by Doyle ef al. (Proc. 
Roy. Dublin Soc., 1948, 24, 201) to be a base-catalysed intramolecular Claisen condensation 
involving a nucleophilic displacement of oxygen on carbon as indicated by the transition 
compound (1), This paper describes an investigation of this transformation across the C,,.~C,,, 
and C,,,-C,,, bonds of naphthalene, which have as regards the chemical reactivity of naphthalene 
compounds the quality, respectively, of double and single bonds [cf. Fieser, “ Organic 
Chemistry “ (Gilman), 1943, Vol. 1, 145), The experimental work was concerned mainly with 
the base-catalysed transformation of o-(nitrobenzoyloxy)acetonaphthones (II, III, and IV; 
COMe 
 So-COR 
(11) av) 
COMe 


<A. OMe J 


base) (Vv) (Vi) (VIL) 


R = &, wm, of p-nitro- or 3: 5-dinitro-phenyl) into the corresponding o-hydroxy-diketones, 
C,H (OH) which in some instances cyclised spontaneously to form the benr- 
flavone (V). The transformation of other 2-acyloxy-3-acetonaphthones (IV; R = Me, Ph, 
atyryl, or 2-methoxy-3-naphthyl), and of some esters of o-hydroxyacetylindanes (VI; R =< Me, 
Ph, and p-nitropheny!) and (V11), was also investigated. Attempts to transform benzene- and 
toluene-sulphonic esters of the o-hydroxyacetonaphthones (see Table III) using a variety of 
basic catalysts (see Doyle ef al., loc. cit.) were unsuccessful: the sulphonyl group, though 
electrophilic, is leas so than the carbonyl group (Kohler and Potter, J. Amer. Chem. Soc., 1935, 
57, 1316; Connor ef al., id., 1936, 68, 1386), When 2-benzenesulphonyloxy-3-acetonaphthone 
was treated with triphenylmethylsodium, a compound giving analytical figures corresponding 
to CyH,O,S 2: was obtained. Transformation of the 
sulphonic esters was also attempted using boron trifluoride as an acid catalyst (see Breslow and 
Hauser, /. Amer, Chem, Soc., 1940, 62, 2385) but without success. 

Results with o- Acyloxyacetonaphthones.——The trend of the results obtained with the nitro- 
esters summarised in Table I, while not conclusive, indicates that generally transformation takes 
place across the C..-C,,, single-type bond more rapidly than across the C,,,-C,,. double-type 
bend. Comparative experiments with 2-benzoyloxy-l-acetonaphthone (III; R = Ph) 
(Bhalla « al., ]., 1935, 870) and 2-benzeylory-3-acetonaphthone (IV; R = Ph) gave, similarly, 
more rapid transformation with the latter compound. Smooth and rapid transformation was 
also obtained with 2-« vioxy-3-acetonaphth (IV; R= styryl) and 2-(2-methory-3- 
naphthoyloxy)-3-acetonaphthone (IV; K = 2-methoxy-3-naphthyl). It was not found possible 
to transform 2-acetoxy-3-acetonaphthone (IV; R « Me) (Fries and Schimmelschmidt, Ber 


if 


transformations were 
ee oa For details see the Experimental section. Potassium 
chosen after a number of the bases used by Doyle ef ai. (loc. cat. p 


1925, 58, 2835). o-Acetoxy (I; R= Me) are difficult to transform (cf. Baker, 
loc. cit. ; Virkar and Wheeler 1939, 1679; Geissman, Amer. Chem. Soc., 1949, 71, 1498) 
as the anionoid effect of the methyl group reduces the electrophilic nature of Cy (1). Gowan 
(private communication) has, however, succeeded in transforming o-acetoxy into 
o-hydroxybenzoylacetone using tripheny! Isodium as the basic catalyst. 
These results support the view of Doyle ef al. (lec. cit.) as to the mechanism of the 
transformation. The mobile = electrons of the C,,,-C,,, bond facilitate ester-type neutralisation 
of the carbonyl carbon Cg, (VIII); such neutralisation occurs less readily across the C,., 
bond in which the density of electrons is low (see Pullman, Ann. Chim., 1947, 2, 5). 
The occurrence of such neutralisation across the C,,.~C,, bond is shown by the exceptionally 
high basic strength of 2-nitro-3-naphthylamine as compared with 2-nitro-l-naphthylamine and 
1-nitro-2-naphthylamine (cf. Bryson, Trans. Faraday Soc., 1949, 45, 257; Hodgeoa and Turner, 
J., 1943, 635). The argument is supported by the non-existence of 2: 3 hth 
an o-quinonoid form is involved in the type of neutralisation shown in (VIII) (see Waters, J., 
1948, 727). 

Preliminary Results with o- Aroyloxyacetylindanes.—5-B. loxy-6-acetylindane (V1; R = Ph) 
was found in comparative experiments to be transformed into the corresponding diketone more 
rapidly than was 5-benzoyloxy-4-acetylindane (VII). This result is unexpected if the Mills 
Nixon structure (J., 1930, 2510), which is shown in (VI) and (VII), is assumed for indane. 


gu 


H 
4 


(vit) (x) cl (ix) (IXe) 


However, though Baker’s well-known investigation on chelation effects (/., 1937, 476) supports 
this structure for o-hydroxyacetylindanes, the results of extensive work on the reactivity of 
indane and of its derivatives indicate that, if bond fixation is present, it is not so well-defined 
as in the naphthalene series, but is more sensitive to the substituents present and to the reagents 
employed [see Fieser, * rt . 139; Hippchen, * On the arrangement of the double bonds in 
hydrindene (indane),” Fina) Report, No. 1033 (1947); “ Elsevier's Encyclopaedia 
103; Springall al, J., 1949, 1524). It is hoped to 
investigate further the transformation of esters of the type shown in (VI) and (VII). 5-Acetoxy- 
i (VI; R = Me) (Baker, Joc. cit.) could not be transformed. 
Flavone Formation.—It will be seen from Table I that three of the nitro-diketones (indicated 
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Taste 
Results with 
(IL, and TV; R or p-nitro- or 3 5dinitro-phenyl ) 
Acetonaphthone. 
CHydroxy-2- 2-Hydroxy-!- 2-Hydroxy-3- 
acetonaphthone (II), acetonaphthone (III). acetonaphthone (1V). 
Reaction Yield,* Reaction Yield,* Reaction Yield,* 
Aroy! radical. time, mins. %. time, mins. %. time, mins. %. 
2-Nitrobenzoyl- ............... 2 26 D 6 2 DF 2 DF 
3-Nitrobenzoyl- .............. 7 22D 21F 1 wD 
4-Nitrobenzoyl- .........../... 5 58D 7 28D <I “4D 
3 5-Dinitrobenzoyl- ......... 5 Tar 6 i 
pyridine with 
* Yields are calculated on the aroyloxyacetonaphthone. D indicates yield of diketone; F shows 
yield of flavone when produced by spontaneous cyclization of diketone, DF gives yield of flavone 
(crude diketone) which could not readily be purified. 
tion of material (rude which could not readily be puri. 
formation. 
; OH 
Tt 
(Xa) 
} 
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by F) cyclised, when formed, to the flavone (cf. Doyle ef al., loc. ait.). This cyclisation is of 
course analogous to esterification (IX; IXe; X; Xa); it involves a ilic displacement 
of hydroxyl on carbon (see Day and Ingold, Trans. Faraday Soc., 1941, 37, 686) and is therefore 
promoted by the presence. in R, of an electrophilic (nitro-) group, which increases the cationoid 
activity of (IX), It will be noted that 2-(3 (Int; 
K « 3: S-dinitropheny!) yielded directly a compound giving analytical figures corresponding 
to the related 3-aroylated flavone (Table I, footnote 2). 


Preparation of o-Hydroxyacetoaromes and thew Esters.—\-Hydroxy 
Ber, 1914, 47, 3216), gg Ber., 709), 
acetonaphthone (Fries and Schimmelechmidt, Ber, 1925, 66, 2835), S-hydroxy-6-acetyli and 
(Maker, /.. 1937, 476) were synthesised as described by the cited 
Ie this preparation of l-hydroxy-2-acetonaphthone it was found essential to keep the temperature of 
the reaction mixture below 140°, otherwiwe I-hydroxy-2 
Tho esters were y by the pyridine acid chloride method (cf. Doyle ai Roy. Dublin 
Soe., 1948, 94, 201) yiekis were usually over 60%, Completion of was determi 
extracting an acidified of the reaction diluting the extract with 
1, and test ag for free o-hydroxy-diketone with alcoholic ferric chloride. Serial numbers have 
been assigned to the carboxylic esters to facilitate cross-reference. 
ic esters which did not solidify rapidly when the reaction mixture was acidified 
were extracted with chioroferm, and the extracts were with aqueous sodium carbonate and 
with water and dried (Nag, The residue obtained on removal of the solvent was distilled at about 
10 mm. before recrystallisation 
Mononitrobencoylaryacetonaphihones —-These compounds (see Tables I and If) were colourless to 
yellow, excepting 4 which was red. 


Tasie IT. 
y-(x- 
(11, 111, and IV: Ro o, m-, and p-nitrophenyl) (C,,H,,O,N requires C, 68-1; H, 30; N, 42%) 
Ester Found, % 
M p. Crystallizing solvent. 


Acetone- aqueous alcoho! 
Alcohol dioxan 
Alcohol dioxan 
Alcohol-dioxan 


* Virkar, J. Unie. Bombay, 1942, 12, 136 


Dimstrobensoyloxyacetomaphthones (see Table I) —The molecular formula, C sO,N,, for these 
compounds requires C, 600; H, N, 74%. 1-(3: 5-Dinstrodbensoylory)- (il; 
5-dinitropheny!) (10) (from chloroform), m p. 208—212" (decomp) (Found; C, 597; H, 33, 
N, 74%), 243: Re«3 initro be 
chileroform-light petroleum (b. p. m. 200-202" (Found: C, 60-2; H, 

troleam (b. p. 40-—60")), m. p. 173° (Found 59-9; H, 3-2 were readily obtained ta. 
bom, yiek!) as pale yellow “erystals by the py ridine—acid chloride methe 

Other Carborylie at Esters. R (13) (from 

785; HL 47. requires C, 78-6; H, 48° 2-cinnamoylory-3-aceto- 
K (14) (from m 121° C, 79-6; 5-2 H,.©, 
requires H, 51%), 2-(2-methowy nephihoy = y-3- 
naphthyl) (15) (from bensene and alcohol), m p. 191° (Pound; C, 77-7; H, 50. CHAO, ww 
(Vi; R = Ph) (16) (from alcohol), 
(Found Ti”, H, requires C, 77-1, H, 
acetylindane => | rom alcohol), 104-108" * (Found 
HL. N 43 43%), nd (VII) 
(18) (from aqueous methyl alc (Pound : C, H, 66. 0, 
requires ©, 77-1; H, wee os ystals. 

Sulphomse bsters ~-Results for these compounds, all colourless, are given in Table III. 

of Triphenylmethylodium on 2-Benzenesulphony! oxy. 3-acetonaphthone.—2- 
oxy-S-acetonaphthone (0-6 g) contained in a reaction flask filled with nitrogen was treated with an 
ethereal solution of triphenyimethyisodium, , stored, and delivered into the reaction dask in an 
atmosphere of using the procedure of rand Hudson 

Addition of the reagent was discontinued when the red longer 
discharged. The mixture wae shaken for | hoar and treated with water. insoluble prodwet (0-5 g ) 


Sera! no 
i 
4a 
‘4 
7 


4 


2 115-116 Alcohol -dwxan 41 43° 

151-152 Alcohol . a4 

156-—161 Alcohol -dioxan 68-3 36 43° 

2 146-148 Acetone-aqueous alcoho! 67-3 43) 
174-176 Chlorotorm 38 45' 

137-138 47.3 39 42° 

2 165 42° 
146-148 67-8 39 
177.179 67-7 3 

Hew compound 


H, 6-6; S, 


Preparation 
Potassiom (ca. 0-1 g.) was crushed between warm 
continued until the solution, at first red, 
acetic acid (ea. 0-4 ml), and after an hour the 


eon * 


alcohol). The sodium salt of the diketone 


in yellow needles, m. p. 120-——130° (Found : C, 78-4; c 
i 


(from 


acid separated aqueous alcohol in 
requires C, 771; H, 57%). SH 


‘ These compounds are new. 
into hetomes the nitro-esters listed in Table 11. 
y transferred to 


diluted with water (20 ml), and filtered. The was brought to pH 


7: 
acetit acid), m m. (Fou H 
as yellow crystals { 


of esters of fester No Hydro. 
ee 1; R= Ph) (ester No. 16) (0-5 pyridine 


(0-15 ly 
ight. The yellow solid (0-47 obtained when the reaction proct was mined ‘ith excess 
had yellow needies, m. p. 99-—101° (Found ; C, 


; requires C, 66-3; 
Ester. 
R M. p. solvent. 
A; Benzene 2 72—T¢ Aqueous alcohol 
2 3 86 Alcohol 
B: o- Toluene Alcohol 
2 1 Alcohol 
” 2 3 S486 Alcohol 


requires C, 68-1; H, 30; N, 
Diketone. 


Found, %. 

678 
39 


crystallised from 
wO, requires C, 78-6; 
mg. ; um ethoxide, 0-5 mi. 

referred to above) 2-benzoyloxy-l-acetonaphthone (Ullal, Shah, and Wheeler, In 
slower rate of transformation. No effect was apparent until 30 minutes after addition 


. ether chloroform, and by hot 
glacial cet: Found. C, 86-5, 66-4, 86-3, 86-5; H, 5-6, 5-0, 5-5, 5-6; 5, 44,47. requires 


a boiling pyridine solution (5 mil.) of the ester (0-5 g.) to cre under ref reflux 
became brown, and 


pH with 

difficult to purify, cyclised to the flavone. Soy py a nitro-group, 
position, promotes the formation of resin and, if hooting we was continued unt] 


im the 


was treated with alcoholi d ethoxide (3 ml. of sodium in 25 ml. of 
separated . The mixtore was diluted with water and 

acidified with 10% hydrochloric acid. The solid (1-0 .) thus obtained 


of ‘the 


1940, 1499) showed a 
tion of the base, as 


weous alcohol 
In 
solution 


ortho- 


70-3; 


‘A solution of 
5 mil.) was treated with 
the mixture was kept 


(from 
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in colourless crystals. m insoluble in 
III. 
Found, %. 
H. 
we 44 
66-1 43 
669 49 
‘670 8648 
670 48 
“oe 8 647 
67-3 49 4 
66-8 47 
Results for the nitrobenzoyl-o-hydroxynaphthoylmethanes prepared in way are given in Table IV. 
The colour of these compounds varied frome yailow 
Taste IV. 
M. p. Crystallizing solvent. 
i 2° 173—175° Aqueous acetone 
2 a 2 191 Acetone 
6 2 168—170 6708 640 
2’ «6182-183 Acetone 677 30 45 
2 «6228-230 Acetone 42 «#2 
New compound, * Virkar, loc. cit. 
hane 
78; 
49% were esters (nos ana respectively). 
As with 2-benzoyloxy-3-acetonaphthone (see above) the transformations were 


The Transformation of ele. 


HL #6; NL & requires C, 66-5; 
“from aqueou P (Found : 
&7%), were prepared as yellow crystalline 
solids from the correspond The Yields were reapectively 73 and 
Comparative experiments were made on the rates of transformation of benzoyloxy-6-acetylindane 
‘VI; R = Ph) and 5-benzoyloxy-4-acetylindane (VIT) using solid potassium hydroxide in wine as 
fibed above. With 5-bensoyloxy-4-acetylindane there was an immediate colour c e and 
separation of the salt of the diketone was complete in 30 on With the 5 : 4-isomer, 30 ccinates 
lapsed before separation of the diketone salt commenced, and 
Preparation of 4 Pyrones.—These compounds (flavones; benzchromones, indanopyrones) were 
obtained trom esters, through diketones, by the following three methods - 
A. The diketooe was boiled with glacial acetic acid containing a few drops of concentrated hydro- 
a t opalescence 
The liquid was then slowly cooled (see Doyle al., loc. cit). 


cyclined by 


transformation reaction 

Monontivobensoflavones, Table V summarises results for the itrob flavones obtained 
from the esters listed in Table IT. 


Taste V. 
x-Nitro-y : e-benzflavones. 
(CygH requires C, 71-9; H, 3-5; N, 44%.) 


Correeponding ester Nitrobenaflavone. 


7 
71 
72 
7 
72 
7 
7 
7 


These compounds, No. | excepted, were crystallised from ¢ 
alcoho! was used. They separated from the solvent in colour 


New compound. * Virkar, 


Dinttrobenciavones, 5’-Diniiro-3-(3 5-d ~5 : @-benzflavone (from glacial acid 
and tetrahydrofurfury! alcohol), m. p. (Fou C, 56-8; H, 25; N, 100. C,H 
requires C, 56-1; H, 22; N, 101%), was obtained directly (method C) as a red pow wder in the 
transformation of 2-(3  5-dinitrobenzoyloxy)-1- -acetonaphthone (111; R = 3: 5-dinitrophenyl) (ester 
it) T-hbensflavene (from dioxan), m. p. 330° (decomp.) (Found: C, 62-5; 
20; requires C, 63-0; H, 28; N, 7-7%), was similarly obtained as a yellow powder 
from 2-(3 5-clinit soyloxy)-3- -acetonaphthone (IV; K 3: 5-dinitropheny!) (ester no. 12) 

Other pyrones. The following 4-pyrones were prepared from the corresponding diketones using 
method A. The number of the ester corresponding to the diketone is given in brackets. 6: 7-Benz- 
flavone (linear naphthaflavone) (13) er year from benzene higroim), m 173° (Virkar and Wheeler, 

1939, 1682, give 171-172") (Found 83-3; H, 45. Cale for Cy wO,: C, 83-8; H, 44%): 

T-bemzchromone (14) (pale ben zene-—ligroin), p. i6s° (Found Cc, 
H. 49. requires C, 84-6: H, 47%); 2-(2-methory-3- hthyl)-6  7-benschromone (15) (pale 
yellow; from benzene-tigroin), m. p. 214° (Found: C, 81-3; H, 3-5. C,,H,.O, requires C, 81-8; H, 
45%) 6-2 3)-4-Pyrone (14) (colourless; from acetic acid), m. p. 161-— 
162° (Pound: C, 82-3; H, 56. C,,H,,O, requires C, 82-4; H, 5-3%); wndano(5’ 
3)-4-pyrone 7) (yellow; from aqueous acetic acid), m. p ound: C, 70-3; H, #3; 
CygH,O,N requires C, 70-4; H, #2; N, 46%). 


The thanks of the authors are offered to the Minister for Education — of Ireland) for the 
award of maintenance allowances to N. V.N_ and P.A.5S., to Professor Wilson F.R.S., fora gift 
todane, and to Imperial Chemical Industries Ltd. for a grant towards the cost of this research. 
are by Drs. Weiler and Strauss (Oxford) 


Unrversrry Coucece, (Received, October 25th, 1949.), 


Found, %,. 
Method of preparation 
M. p. of flavone. 
222—-324° 39 41 At 
206 37 42 
214—215 38 a4 
256—257 39 44 
282-264 36 43 
192— 194 32 46 Bt 
248-250 37 45 A‘ 
264 37 45 A‘ 
lacial acetic acid; for No. | acetone- 
less to pale yellow crystals 
0c. 
| 
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76. Some Physico-chemical Properties of Acridine Antimalarials, with 
Reference to their Biological Action. Part I. Basic Dissociation 
Constants and Reduction Potentials. 


By D. Lt. Hameicx and S. F. Mason. 


Two homologous series of acridine antimalarials analogous to Mepacrine (1) have been 
examined with the polarograph over a range of concentrations and pH values in order to 
measure reduction potentials and other quantities defining the oxidation-reduction behaviour 
johanna Further measurements have been made of the pH values of aqueous and 


solutions of the dihydrochlorudes of these derivatives in the of 
various amounts of alkali, and from the results obtained the basic dissociation ts of the 
compounds have been calculated. No definite correlation between antimalarial activity and 
either basicity or reduction potential has been observed. 


CuEeMoTHERAPEUTIC agents belonging to the same structural type appear to act on a given 
organism by the same or very similar mechanisms. The efficacy of their action varies widely 
however, and in some cases seems to depend on the values of certain physico-chemical properties, 
as Bell and Roblin (J. Amer. Chem. Soc., 1942, 64, 2005) have discovered for the sulphonamides, 
and Albert and his co-workers (Brit, J. Exp. Path., 1945, 26, 160) for the simple aminoacridines. 
In the present work an attempt has been made to correlate the values of some physico- 
chemical properties of acridine antimalarials with their relative biological activities. The 
properties thought possibly relevant were selected by considering the nature of the action of 
Mepacrine on enzyme systems, bacteria, and the malaria parasite. Amongst other things, 
Mepacrine (I) interferes with the growth of bacteria by competing with natural bases, notably 
polyamines (Silverman and Evans, ]. Biol. Chem., 1044, 154, 521), and also with the h 
carrier, riboflavin (Madinaveitia, Biochem. J., 1946, 40, 373; Haas, J. Biol. Chem., 1944, 155, 
321). The competition of two bases and two oxidation-reduction systems for a common 
substrate may be said to be governed physico-chemically by the relative basicities and reduction 
potentials of the two substances. Thus it was thought that the relative values of the 
dissociation constants and the half-wave potentials of a structurally similar series of acridine 
antimalarials might possibly be related to their relative antimalarial activities. 


EXPERIMENTAL. 

ation of Materials —Two series of acridine antimalarials were 

is (Magidson ef al., Ber., 1936, 68, : Breslow, /. Amer. Chem. Soc., 194 156, 

100). One, homologous with Mepacrine sa 3), consisted of four (1) 
the other possessed straight side-chains, six compounds (Il) being prepared ha to 7 
NE, 

/S 

.m. p. 223° (Found 

Cys HysON qeives C 56-45; H, 67; 


5-(3-diethyl viaminojacridine dik 
Soc., give m. p. 230°), and the 


Taste I. 


dihydrochlorides (cf. I and 


andard 
46, 68, 
1 to 4; 
64; N, 
Aloro-5- 
Found 
1,2HCi requires C, 58:3; H, 7-5; N, 88; Cl, 221%), ’ 
lloride, m. p 230232" (cf. Gupta, J. Indian Chem. 
compounds listed in Table | were examined. 
; 4-Diethytamino-2-butylamino* ............ 262° Magidson, loc. cit.; m. p. 265°. 
6-Diethylamino-2-hexylamino ............... 112 USSR, 1985, 
; 
2-Diethylaminoethylamino .................. 258—259 Breslow, loc. m. p. 257259". 
4-Diethy' tylamino ............... ™46—249 Magidson, loc. cif.; m. p. 246-—248". 
5-Diethylaminoamylamino .................. 266—268 Breslow,  ™ p. 266--267". 
6-Diethylaminohexylamino .................. p. 263-256" 
* Free base, m. p. 80°. + Hydsate. 
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comcentrations i sa above compounds were examined over a range of 

to values. The baffers were and 
te-byd ic acid, pH 5-5 and pH 7-3, phosphate ; 

hydro 

Breyer, Buchanan 1944, 340) fowed that 5-aminoacridine is reduced in two 

ol approximately equal height at the “mercury electrode. We find similar 

our acridines, one of The hall-wave potentials and diffusion 

currents of the four Mepacrine (1), at a concentration of 10™s. in various buffered supporting 

electrol are given in Table Il. hali-wave t-chaim 

series (11) © in a similar manaer, and their values for a drug concentration of 10x. in supporting 

electrolytes of pH 7:3 are given in Table 


Tasie Il. 


Mepacrine Homologues (1). 


The diffusion currents were measured in microamps., and the half-wave potentials in volts. All the 
potentials are negative, and were measured relative to the saturated calomel electrode. 


ge 


“aunt PH the hydrogen dicharge wave overlaps the second reduction steps of these acridines in all 
III, 
2-Chloro-5-R-T-methoryacridines (11). 
ELOH-H,O. 


Jacridine 


By applying Ukovic's equation, viz, : 


© each stop, indicating that the first product of reduction 
is a free radical, Thus, for Mepacrine itself, in a pheaphate butter of pH 7-3, at 18°, we have C, the 
concentration of Mepacrine in millimoles/l. 0-993, D, the diffusion coefficient 411 cm."/sec., 
m, the rate of flow of mercury « 1-36 mg. /sec., and /, the drop time « 2-07 sec. 

For the first step, /,, the diffusion current ~ 0-185 pa; ¢, 8 = 1-065 electrons, 

For the second 1g pa; hence 0-705 electron. 

The diffusion cient, D, was calculated from Nernst's equation, D «~ RTA,/sF*. An approx. 
value of A, for ae was obtained by measuring the equivalent conductance of 10-*™-M 
dihydrochloride (54-7 mhos/cm.®), and by multiplying this quantity by the ratio A,/A,»-s. for ™ 
nitrate, a salt of the same valency type 

It was further found that there is a linear relation between the concentration of the acridine drug 
and the diffusion current to which it gives rise in the polarographic cell, for both steps of the reduction 
process over the concentration to 2 10m. the case of 
supporting electrolytes of pH 7-3 results obtained are given in the table 
in microampes ). 


Concentration, 2 5 lo 
2nd step... 0-020 0-060 0-093 0-165 


The gradient of the line connecting concentration with the diffusion currest of the first step 
(1-750 mg. cm.* sec.) is much closer to the theoretical value (1-705) calculated from the Ilkovic 


pH 5-5. pH 73 pH 
bis O86 O86 121 O88 108 
O26 026 O20 OOF O06 
O22 O22 O21 O19 O19 O18 O19 020 
af 118 120 097 108 
O22 620 O20 O12 O18 O12 
R. ist step. 2nd step. 
... $32 731 6-86 
713 6-47 0-97 121 
452 6-99 6-26 0-97 1-21 
6o1 695 on 1-07 
EtNICH 49 647 600 119 
4.66 643 5-98 om 119 
j ou 6-27 5-17 1-19 
4 
A 
20 
0-329 
0-224 
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Pic. I. 


supporting electrolyte of pH 7-3, gave a 
linear plot for both steps of the reduction. The plot come 
obtained from the first wave again gave a vent ep 


(57-6 mv.) closer to the theoretical (50-1 mv.) that 
obtained by the analysis of the second wave (43-8 mv.) 


the addition of one equivalent of alkali, the first dis- 
sociation constant cannot be discovered in this way, as 
Christophers (Ann. Trop. Med. Parasitol. 1937, $1, 43) 
found in the case of eke anon However, the free 0 
base is quite soluble in 50% 


x 
3 
standard Pp 
addition Owing to the precipitation of free base after : 5 


and in this mediom comparative values of both dissoci- 0-030 
ation constants can be found by pH titrations. In this a 
work N-sed hyd de was from a microburette 


to 100 cc. of m/100-solutions of the dihydrochlorides of each homologue, tho pit being Sound by 
of Glass and pit efter of correction 


Fie. 2. Fie. 3. 


Table Ili, together with the values 

oO of the half-wave potentials (reduction 
—— measured at a concen- 
of 10«., in buffered support- 

, ing electrolytes of pH 7:3, at 18° + 1°. 
Second 


log I/(lg 


-0- steo Discussion. 
-0 The polarographic measure- 
ments indicate that the first step 
“0 in the reduction of Mepacrine and 
~ “1-01 analogues is probably thermo- 
Firoits) £ (volts) dynamically reversible, since it con- 


forms fairly closely to theoretical 

expectations, whilst the second would appear to be irreversibic, as the deviations from theory 
are much larger. These views are consonant with the hypothesis that a free radical is the 
product of the first step, and a 5: 10-dihydroacridine derivative the product of the second, as 
the former would be labile and the latter more stable (Breyer ef ai., loc. cit.). 

The increase in basicity with increasing length of side chain in these two series of acridine 
antimalarials may be ascribed to a decreasing field effect, though it is not possible to 
this effect quantitatively in the terms used by Schwarzenbach (Helv. Chem. Acta, 1933, 16, 
522) for the symmetrical diamines, as the ionising powers of the two basic centres in these 
acridine derivatives cannot be taken as identical; further it is not possible to assign a precise 
location to the charge on the acridine nucleus, since the cation is probably a resonance hybrid 
of the forms (LII) and (IV) : 


NH—R—NEt, *NH—R—NEt, NH,—K—NHEt, 


347 
against the applied EMF. Such an analysis of the 
waves given by Mepacrioe at a concentration of 10™*s.. 20 
First 
step 
ee values of the dissociation constants 
were all that this enquiry demanded. 
e7 The results obtained are listed in 
06 
So 
02 
8-02 
(mth) (Iv) Vv.) 
In the first member of each series the tertiary nitrogen atom of the side chain is separated 
by only two carbon atoms from the secondary nitrogen atom at position 5 of the 
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acridine nucleus, and thus an inductive effect down the side chain may discourage the 
formation of the quinonoid structure (IV), compelling the nitrogen atom at position 10 to carry 
a greater share of the positive charge. The lowering of the electron density round the nuclear 
nitrogen atom would then account for the observed lower basicity and greater ease of reduction 
in the Gret member of the series. The inductive effects of the chioro- and methoxy-substituents 
also decrease the basicity and enhance the cationoid activity of these compounds, as 5-(3-di- 
ethylaminopropylamino)acridine possesses a greater basicity and lower reduction potentials 
than the corresponding 2-chloro-7-methoxy-derivative. 

In strongly acid media there is the possibility of tri-acid salt formation, as there are three 
basic centres in these acridine antumalanals. Christophers (/oc. cit.) has shown that the possible 
third dissociation constant in Mepacrine must be greater than pX, 11, though it is well known 
that Mepacrine salts, when crystallised from acid solution, contain more than two equivalents 
of acid, the excess being tenaciously held. If the third dissociation constant of these 5~<liamino- 
acridines lies between pA, 1! and 12, the tri-acid salt will predominate in buffer solutions of 
pH 2. Since the resonance postulated above is impossible in the tri-acid cation (V), the electron 
densities round the nuclear nitrogen atom in all of the homologues should be the same; the 
electron densities should be smaller than at other pH values where resonance “ spreads ” the 
positive charge in the di-acid cation, which might account for the fact that the half- 
wave potentials of the homologues are identical at pH 2, and lower than at other pH values. 

The antimalarial activity of these 5-diaminoacridines reaches a maximum in both serics 
when four carbon atoms separate the nitrogen atoms of the side chain (Kritchevski, Joc. ci. . 
Magidson, loc. cit.). However, neither the reduction potentials nor the basicities show a 
maximum or minimum at this point in the series. With antimalarial drugs a simple relation 
between the values of some prescribed physico-chemical property and biological efficacy is 
hardly to be expected. In practice the drug must traverse the cellular tissue of the host and 
perhaps that of the parasite in order to interfere with some enzyme system or systems within 
the latter organism, and quite different factors might determine transfer from those that 
determine efficacy at the site of action. It was decided therefore to investigate those physico- 
chemical properties of acridine antimalarials that might influence their transit through 
biological material. This work will be described and discussed in a subsequent com- 
munication 


Dyson Lanoratory, Oxrorp. 
Museum oF THe History oF Science, Oxroxn. (Received, August 6th, 1949.) 


77. Some Physico-chemical Properties of Acridine Antimalarials, with 
Reference to their Biological Action. Part Il. Lipoid Partition 
Coefficients, Surface Activities, and Protein Affinities. 

By D. Li. and S. F. Mason. 

The partition coefficients of a homologous series of acridine antimalarials between vegetable 
off and aqueous butters have been measured. and have been found to be related to the basic 
dissociation constants of the In solution these acridine derivatives are 
surface-active, and the lowering of the surface tension that they produce has been determined 


over a range of concentrations. The relative affinities of these compounds for the protein 
of egg albumin have also been determined 


Arremrrs have been made (preceding paper) to correlate the relative antimalarial activities of 
six members (n = 2-7) of a homologous series of acridine drugs (I) with their basicities and 
reduction potentials, but no definite relation has been observed. These physico-chemica! 
properties were selected as a result of general considerations as to the nature of the action 
of acridine antimalarials on isolated enzyme systems, and on cultures of bacteria and the 
malaria parasite. In these cases the drug acts on biological systems isolated from their environ- 
ment or host, whereas t# evo a drug must be able to permeate through the cellular material of 
the host and perhaps that of the parasite in order to be effective at some site of action within 
the parasite. Thus the relative permeabilities of a structurally similar series of antimalarial 
drags may affect the antimalarial activities as determined in practice. The permeability of a 
drug through organic material is presumably dependent on physico-chemical factors, such as 
the solubility of the drug, its surface activity, lipoid partition coefficient, affinity for various 
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-NEt, OPtimum for certain values of these properties. 


affinities for the protein of egg albumin, both in [ae phcophase 
a) or the peti of 


EXPERIMENTAL. 


Partition Coeficients.Five standard solutions of the dihydrochloride of 

concentration range to were made up in butier of pH 7:3. 

was divided into two parts : one was retained as a colorimetric comparator, whilst the other was shaken 
mechanically for 4 hours with such a volume of acid-free castor oi] * as would extract between one-third 
and two-thirds of the acridine derivative (as indicated by preliminary experiments). The emulsion 
obtained was centrifuged, and the aqueous layer was then compared colorimetrically with the control 
solution. The latter was diluted to approx concentration of the extracted solution, and the com- 
Parison was repeated to guard against deviations from Beer's law. No deviations were detected, t 

the yellow acridine solutions did not permit of great accuracy in colorimetric comparison. Consequen 

the results are accurate only to within 410%. Within these limits it was found that the ratio of the 
concentration of the compound in the lipoid phase to the concentration in the extracted aqueous phase 


Fre. 1. Fro, 2. 


) 


60 


N 


3 


log of partition coefFicient 


60 65 7-0 
(aqueous solution). 


This ratio was then taken to be 


Mu /20- te buffer of pH 7-3 were measured by the drop-weight method, a a 
the concentration range 5 x 10° to . x lir* sw. The stalagmometer was standard with distilled 
weighing in each case ten drops that had been allowed to fall 
from the orifice during about a minute. _ The weighings were repeated several times for reproducibility, 
the rate of flow of liquid being intained at a constant value throughout the measurements by means 
of a capillary air leak. Measurements were then carried out with the solutions of various concentrations 
from each of the derivatives, the weight of ten drops determined several times. The 
and thus the may be « from the known surface 
water. The They ae are considered to be accurate to within about +1 
table and Fig. 1. oe latent ee purposes of this enquiry the lipoid partition 
coefhcients the compounds, as there are not likely to be many air-water interfaces 
in the host-parasite system, and surface activities at such interfaces bear no necessary relation to 
more significant. 
Affiwities.-Perhaps the most accurate and ificant measure of drug 
afforded by dialysis experiments (Davis, Science, 1942, 96, 78). A membrane, such as © 
ting isotonic solutions of protein and drug, permits the diffusion of a crystalloid drug Ran, bareanole 
colloidal protein. At equilibrium there is a greater concentration of drug in the protein solution than 


authors. 


between vegetable oi] and aqueous buffer solutions of pH 7:3 have 
70 
| ned 
aes ° 
~ 
° 
50 ae2 
Concentration 10°* m) 
was constant for each derivative over the concentration range studied. 
the partition coefficient of the compound between vegetable oil and aqueous buffer solution of pH 7-3, the 
, values obtained being listed in the table below. 
Surface Activities The surface tensions of solutions of each of the prepared acridine derivatives in 
| 
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the excess affording a measure of the drug-protein affinity. A more convenient 

method is the pg ea ag hs buffer solution with alcohol in the presence of the 

peg Seip and Dewey, Biochem. J, . 119). The relative amount of the drag carried down 

Both of these methods have been tried with one of the ac ae & — nena 
concentrations over the range 5 x 10° to 2 x 10°* ™. in u/20-phosphate boffiers of pH 7-3. In the 
dialysis experiments 20 cc. of the buffered acridine solution ees a botling-tabe fitted 
with a cork through which passed a piece of glass tubing closed at the end by a Cellophane membrane 
and at the « dee by a rubber bung. Into this tubing were pipetted 5 cc. of an isotonic solution 
containing 5 ht of crystalline egg albumin in a buffer of pH 73. The dialysis es were then 

in a refr \ be of two weeks, after which the experimental acridine drug 
imetrically with control solutions 

in of the same protein solution were added to 5 of a 
standard acridine drug solution in phosphate buffer, Aiter some 30 minutes, 10 <.c. of ethyl alcohol 
were added, and the precipitated protein was centrifuged The supernatant 
solution was then compared colorimetrically with a control that had been appropriate 

te buffer and alcohol. 
y both methods it was found that the amount of drug taken up by the protein tly 
ional to the dr in the buffer solution up te concentrations of 10 under 
conditions descr above proportionality factors were very nearly the same in both 
and wore taken of the drag protein ais The protein affinities of the other members 
the homologous series were then deter as this was the more 
convenient. The partition of each derivative q butler was measured under 
comparable conditions by the means described show at four pcm an ra over the range 5 x 10* to 
5 = 10°* mw. where direct proportionality between the amount of drug taken up by the protein and the 
drug concentration in the residual solution had been observed. The ratio of these two quantities was then 
taken as the protein affinity of the compound under the given experimental conditions, and the values 
obtained were referred to the protein affinity of the homologue (s — 2) taken as unity. The results 
obtained are listed in the table. They are accurate only to within + 10%, the limiting factor being the 
sensitivity of the eye in the comparison of yellow acridine solutions. 


(1). 
Partition coefis Relative distribution Lowering of the surface 
between vegetable oil : tension of buffer of 
pH 7-3 in dynes/cm. at 


5-(3- Diethylamimopro 
pylamino)acridine 


Discussion. 


In general the lyophobic character of organic compounds tends to increase with chain length 
in a homologous series, but in the case of the acridine homologues studied in the present work 
this relation did not hold. This may possibly be ascribed to the fact that under the experi- 
mental conditions at which measurements of oil-water partition coefficients were made, i.¢., 
at pH 7:3, these 5-diaminoacridines exist in the form of univalent and bivalent cations, the ratio 
of the two forms being determined by the value of pA,, for aqueous solutions. A plot of 
the logarithms of the partition coefficients for the series against the values of pX,, (—log K,) 
for aqueous solutions (preceding paper) gives a straight line with a slope of 1°6 (Fig. 2), 
indicating an inverse proportionality of this power between the vegetable-oil partition 
coefficient and the second dissociation constant of this particular type of compound at pH 7:3. 

The surface activities and protein affinities of the acridine homologues seem not to be related 
in any definite way with other physico-chemical! properties or structural features of the series. 
However, the relative values of these properties do seem to be related to the biological activities 
of the compounds, and in a subsequent communication these possible relations are discussed. 

Dyson Laporatory, Oxrorp 
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78. Some Physico-chemical Properties of Acridine Antimalarials, with 
Reference to their Biological Action. Part III, The Correlation of 
Physico-chemical Properties with Biological Action. 
By S. F. Mason. 


The degree to which members of two homologous series of acridine antimalarials (I and 11) 
reduction potentials of these compounds. No definite correlation their antimalarial 
activities and their physico-chemical properties has been discovered, but an explanation of the 
order of their activities has been suggested, determine 
the ——— of these drugs through organic material, and (6) the equili distribution 
of compounds amongst the various organic within an organism, namely, their 
lipoid partition coefficents, surface activities, and protein afhnities. 


In Part I of this series (p. 345) an attempt was made to relate the antimalarial activities of 
two homologous series of acridine drugs (I and II) with their reduction potentials and basicities, 
but no relation was observed. This was ascribed to the complexity of antimalarial activity 
in vivo. A given drug must permeate through the cellular tissue of the host and perhaps of the 
parasite in order to interfere with some enzyme system, or systems, within the parasite, and 
en route may become distributed amongst the various phases, aqueous, lipoid, and protein, of 
both organisms, so that only a small concentration of the drug is present at the site of action. 
Thus the “ antimalarial activities” of a series of drugs, as determined in vivo, may be a 
combination of their relative permeabilities and distribution factors, as well as of their relative 
potencies at the site of action. 


It was thought that these two aspects of antimalarial activity might be separated 
for individual treatment, and in Part I] of this series (preceding paper) the physico-chemical 
properties that might influence the permeability and distribution of these drugs in organic 
systems, namely, their lipoid partition coefficients, surface activities, and relative protein 
affinities, were measured for all members of series (11), The other factor contributing to the 
relative antimalarial activities of such a series of drugs, namely, their relative efficacies at the 
site of action, cannot be investigated physico-chemically at all fully as insufficient is known 
at present concerning the mode of action of 5-diaminoacridine antimalarials on the malaria 
parasite and other biological systems. However the physico-chemical properties chosen for 
investigation in Part I were selected by considering such knowledge as we have on this subject, 
the conclusion being reached that the reduction potentials and basicities of the acridine 
such as an enzyme system, which would be free from the complication of the relative 
permeability and distribution factor. 

Use was therefore made of the fact that 5-diaminoacridines inhibit the oxidation of diamines 
by diamine-oxidase. The concentrations required to inhibit this enzyme system to the extent 
of 50% were measured in the case of cach of the acridine homologues (1 and I1), the values 
obtained being listed in Table I below.* This particular enzyme system was chosen because 
it might possibly be one of the vital activities of the malaria parasite that is suspended by 
acridine antimalarials analogous to Mepacrine (1; # = 3). Compounds of this type, to which 
all the derivatives used in the present work belong, are diamines, and thus might be expected 
to inhibit the utilisation of a structurally similar (diamine) metabolite by a 
organism. Furthermore Silverman and Evans (J. Biol. Chem., 1944, 154, 621) have shown 


provide a measure of their relative efficacies at the 


* The author is indebted to members of the Pharmacology ment, Oxford, for these 
ments; Duthie, who studied the four members of the branched-chain th. 
and to Dr. Blaschko, who investigated the six members of the straight-chain series (11). 


that polyamines restore growth to cultures of bacteria inhibited by Mepacrine, and have 
demonstrated competitive antagonism between Mepacrine and polyamines in this connection. 
This is not to suggest of course that the figures quoted for the inhibition of the diamine- 
oxidase system by our acridine derivatives 
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site of action within the malaria parasite, for there is no evidence as yet that the inhibition of 
diamine-oxidase is even a necessary, much less a sufficient, cause of antimalarial action. 


The first half-wave potentials (oxidation reduction potentials) of these acridine homologues 
parallel to some degree the logarithms of the concentrations required to bring about 50%, 
inhibition of the diamine-oxidase system (Fig. 1). Some connection between these two 
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properties is perhaps to be expected since the system inhibited is concerned with oxidation, 
a process in which the oxidation—reduction characteristics of an inhibitory drug might be 
operative. The potential of an oxidation-reduction system, such as one of these acridine 
drugs present in both an oxidised and a reduced form, is governed by the equation : 


It is found that the quantity, E, — it ae has approximately the same value for 


each compound when # ~ 1, # « 2 electrons (Table I), the best constancy being obtained when 
» «= 1S. This relation is curious, since it may be taken to imply that most of the drug used 
in inhibiting the diamine-oxidase system exists in the semi-reduced and fully reduced forms 
under conditions where the enzyme system is inhibited to the extent of 50%. It would also 
imply (equation 2) that the quantity, E — >. log Cysig.. has approximately the same value 
for each compound in these conditions. Thus if it be assumed that a small constant quantity 
of the drug remains in the oxidised form, the determinant of a given degree of diamine-oxidase 
inhibition with these 5-diaminoacridines might be said to be the setting up of an oxidation— 
reduction system with a definite potential FE, as lower half-wave potentials would be compensated | 
by larger concentrations of the drug added to the enzyme system and passing into the reduced 
forms. 


It is difficult to obtain a quantitative measure of antimalarial activity that is at all definitive, 
since numerical values obtained vary somewhat with the method of determination. However, 


Tame IL. 
Concentration ired to aT 
ist step, prodace 69% iahihition of Ey — 
v. diamine oxidase, a= 2 Vv. 
Series Ii. 2 145 —*73 
4 65 «iw —0-70 
5 x le 0-69 
2 3 — 84 
5 O97 2 xe —0-70 
~ 
> 
2 i loglsom | 
| 
“2 
4 


[1950} Acridine Antimalarials, ec. Part III. 353 


the relative activities of the members of the two series (I and IT) can be shown qualitatively 
and it has long been accepted that the most active members of both series are those in which 
four carbon atoms separate the two nitrogen atoms of the side chain. The antimalarial data 
listed in Table II are taken from Magidson (Ber., 1936, 69. 396), the minimum curative dilution 
being a measure of the antimalarial activity of the derivative in vivo, and the maximum 
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a = number of methylene groups in series (11). 


tolerated dilution a measure of its toxicity to the host; the physico-chemical data are taken 
from Part II of this series. 
Taste Il. 


Compounds (11). 
Lowering of 
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* Tested through the courtesy of L.C.1. (Pharmaceuticals) Ltd. and found inactive at a dose of 


4 me 50 g. of body weight of host 
t htly active (Mietzsch, Angew. Chem., 1934, 47, 416). 


Table II and the curves on Fig. 2 show that the antimalarial activities of the acridine 
homologues in vivo do not vary in the same way as their activities against the enzyme, diamine- 
oxidase, indicating that factors determining transfer and distribution in biological systems may 
be significant in determining their overall antimalarial action in vivo. It would appear 
(Table II) that the effectiveness of the 5-diaminoacridine type of antimalarial drug is enhanced 

AA 


and, less significantly, high surface activities at air—water 

. afe those which are less active against the malaria parasite. Thus the variation 

of side chain may go some way towards explaining the 

ivity from homologue to homologue, though a knowledge of their 

relative activities at t of action within the parasite would be required to assess how. 
important these physico-chemical properties are in determining the overall activity of the 
drugs in vieo. Like the diamine side-chains, the nuclear chloro- and methoxy-substituents 
of the drugs may play specific biochemical or stereochemical roles in transit and distribution 
throughout the host-parasite system, and in attacking the parasite, but their effects on the 


and protein affinity of the unsubstituted compound are quantitatively intermediate between 
those of the active (* « 6) and the inactive compound (* — 7), which is of interest in view of 
the fact that this unsubstituted compound shows slight antimalarial activity. 

Correlation also exists between the toxicity of the compound to the host (the maximum 
tolerated dilution) and its relative protein affinity within the homologous series. This may 
perhaps be related to the vulnerability of complex functional proteins, such as the enzyme 
proteins. The protein affinities of these homologues probably vary from protein to protein, 
but it is possible that their relative affinities remain in the same order, unless specific stereo- 
chemical factors intervene. It is for this reason that the correlation is considered to be of 
possible significance. 
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79. Thiohydantoins. Part III, The N- and S8-Methyl Derivatives 


of 5:5-Disubstituted Hydantoins and Their Mono- and Di-thio- 


analogues, 
By H. C. Carstncron and W. S. 


Examples have been provided of all the possible types of N- and S-methyl derivatives of 
5. 5-disubstituted hydantoms and their mono- and di-thio-analogues with the single exception 
of the 4-thio-2-methylithio-I-methy! derivatives. The experiments have been carried out in 
the 5: b-dipheny! and 5: 5-pentamethylene series, and the results have been closely similar, 
but a few minor ditlerences have been observed. The experimental methods used were simple, 
namely, methylation by methyl iodide, methyl sulphate, or diazomethane, replacement of 
oxygen by sulphur by the action of phosphorus pentasulphide, removal of methylthio-groups 
by acid hydrolysis, and replacement of sulphur by oxygen by the action of 2-aminoethanol 
followed by acid hydrolysis as described in Part Il (Carrington, /., 1947, 684) 


ALTHOUGH a considerable t of information on the alkylation of hydantoins is 
available, no systematic study of the various possible methyl derivatives of 5 : 5-disubstituted 
hydantoins and their thio-analogues has yet been made. It is well known that the alkali- 
soluble 5 : 5-disubstituted hydantoins (I) are readily methylated by the usual reagents to give 
the 3-methy! derivatives (III), which are converted by further, somewhat more drastic 
methylation into the 1: 3-dimethy!l derivatives (IV). The 1-methyl-5 : 5-disubstituted 
hydantoins (II) are not obtained by direct methylation, but are usually synthesised from the 
corresponding a-methylamino-nitriles by the action of cyanate, with subsequent hydrolysis. 
The I-methyl derivatives, unlike the 3-methy! compounds, are soluble in alkali, and readily 
undergo further methylation to the 1: 3-dimethy! derivatives. There appears to be no 
description of O-methylation occurring during the methylation of hydantoin derivatives. 
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by those properties that ensure a comparatively high equilibrium concentration of the drug 

im the aqueous phases of the host-parasite system. Homologues with high lipoid partition 

physico-chemical properties of the drugs are similar to variations produced by shortening the 

side chain, as can be seen by comparing 5-(3-diethylaminopropylamino)jacridine with the 

corresponding 2-chloro-7-methoxy-derivative. The partition corfficient, surface activity, 

| 
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When we consider the thichydantoins, however, the formation of S-methyl derivatives 
must be taken into account, and the number of possible products is greatly increased. Thus 
with the 5 : 5-disubsti d-2-thiohydantoins (V) there are formally possible three monomethy! 
derivatives (VI—VILI) and three dimethyl derivatives (IX—-XI). The ing 4-thio- 
hydantoins (XXII) may lead to three possible monomethy! derivatives (XXIII—XXV) and 


two dimethy! derivatives (XXVI and XXVII), while the 2: 4-dithiohyd ins (X11) may 
give rise to four monomethy! derivatives (XI1I-—XV1I) and no less than five di derivatives 
(XVIL—XXI). 


The present experiments have set out to investigate how far these numerous 


drug in the treatment of epilepsy. Several other members of this series are also known. Biltz, 
in his study of the reaction between benzil and urea and its derivatives, prepared 5 : 5-dipheny!- 
3-methylhydantoin (Ber., 1908, 41, 1386) and 5: 5-diphenyl-1 : 3-dimethylhydantoin (#id., 
pp. 170, 1379). Similar experiments with thiourea and its derivatives led to 5: 5-diphenyl-, 
5 : 6-dipheny!-3-methyl-, and 5: 5-diphenyl-1 : 3-dimethyl-2-thiohydantoin, and it was also 
shown that methylation of the corresponding thio-compounds with methy! sulphate could give 
rise to the methyithio-derivatives 2-methyithio-4-keto-5 : 5-diphenyl- and 2-methylthio-4- 
keto-5 : 5-diphenyl-3-methyl-4 : 5-dihydroglyoxaline (idem, ibid., 1909, 42, 1792). 5: 5-Di- 
phenyl-2 : 4-dithiohydantoin was prepared by Henze and Smith (J. Amer. Chem. Soc., 1943, 
65, 1090) by the action of phosphorus trisulphide on the parent hydantoin. While the present 
work was in progress 5 : 5-diphenyl-l-methylhydantoin was prepared by Long, Miller, and 
Troutman (idid., 1948, 70, 902) by a modification of the method usually used for 1-methyl- 
hydantoins. 
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In the 5: 5-pentamethylenchydantoin series the parent compound was prepared by 
Bucherer and Lieb (J. pr. Chem., 1934, 141, 5) during their pioneer development of new 


hydantoin syntheses. The corresponding 2-thio-, 4-thic-, and 2: 4-dithio-hydantoins were 
described in the earlier papers of this series (Carrington, J., 1947, 681, 684). 
Comparatively few experimental procedures have been in the present study. 


possibilities 
can be realised in practice. They have been carried out, for the most part, with two series of 
compounds, the 5: 5-diphenyl- and the 5: 5-pentamethylene-hydantoins. In the first series 
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ethanol and subsequent hydrolysis of the 2-hydroxyethylimino-derivatives as described in 
Part Il Woe. cit). Alternatively, sulphur, where present in the form of methylithio-groups, has 
been removed by direct acid hydrolysis. By applying various permutations and combinations 
of these procedures it has been possible to synthesise nearly all the possible methyl derivatives. 

Most of the experiments have been carried out in both the 5 : 5-diphenyl- and the 5 : 5-penta- 
methylene hydantoin series, and the results have been closely parallel. Only in a few cases 
have minor differences in behaviour been observed, and attention will be drawn to these. It is 
proposed to describe first the synthesis of some key reference compounds and then to discuss 
the more complicated methylations. 

5 : 6-Dipheny!-1-methythydantoin (Il; K — Ph) was prepared both by the method of Long. 
Miller, and Troutman (loc. ef.) and by an alternative method which will be described later. 
Several other routes to the 5: 5-diphenyl-l-methylhydantoin series were also investigated. 
a-Chiorodiphen ylacet le (Steinkopf, Ber,, 1908, 41, 3593) was converted by methylamine in 
benzene into a-methylaminodsphenylacetamide, but attempts to cause this to react with carbon 
disulphide to give 5: 5-diphenyl-l-methyl-2-thiohydantoin failed. Again, 5: 5-diphenyl- 
hydantoin with benzyl chloride in aqueous-alcoholic alkali gave 5 5-diphenyl-3-benrylhydaniown, 
which was further substituted by reaction with methyl sulphate to give 5 : 5-diphenyi-1-methyl- 
S-benrylhydantoin, but attempts to remove the benzyl group by catalytic hydrogenation were 
unsuccessful. Treatment of 5: 5-diphenyl-l-methylhydantoin with phosphorus pentasulphide 
in bailing tetralin gave 5 56-diphenyl-l-methyl-2 : 4-dithiohydantoin (XIIL; Ph). 5: 5-Di- 
phenyl-3-methythydantoin « Ph) gave similarly 5 : 5-diphenyl-3-methyl-2 4-dithio- 
hydantoin (XV; R= Ph). 5: 5-Diphenyl-1 : 3-dimethyl-2 : 4-dithiohydantoin (XNVIL; R Ph) 
was likewise prepared from 5: 5-diphenyl-1 : 3-dimethylhydantoin (IV; RK = Ph). 

1-Methyl-5 5-pentamethylenchydantoin was prepared from a-methylaminohexahydrobenzo- 
nitrile in the usual way by treatment with cyanate followed by acid hydrolysis. 3-Methyi- 
5: 5-pentamethylenchydantoin was prepared by methylation of 5: 5-pentamethylenchydantoin 
in alkaline solution by methy! sulphate. Diazomethane may also be used. 1 : 3-Dimethyl-5 : 5- 
pentamethylenchydanioin was prepared from the I-methyl-hydantoin in either of these ways. 
These three hydantoins were converted into the corresponding 2: 4-dithiohydantoims (XIIL, XV, 
and XVII; RR « <(CH,),, respectively). 

These compounds, synthesised by unequivocal routes, form the basis on which the 
identification of most of the other derivatives depends. 

The first methylation of a thiohydantoin studied in detail was the reaction of 5 : 5-diphenyl- 
2: 4-dithiohydantoin with methyl sulphate. There were obtained an alkali-insoluble substance, 
and an alkali-soluble fraction which was clearly a mixture. The alkali-insoluble product was a 
colourless crystalline dimethy! derivative. When acid hydrolysis resulted in elimination of all 
the sulphur as methanethiol and formation of 5 : 5-diphenythydantoin, it was clear that this 
derivative was 2 -4-dimethylihio-5 : 5-diphenyigiyoxaline (XXI; R= Ph). The alkali-soluble 
fraction, on chromatographic separation, gave a pale yellow and a bright orange product. 
both were monomethyl derivatives and lost methanethiol on acid hydrolysis, giving monothio- 
hydantoins. The pale yellow compound gave the known colourless 5: 5-dipheny!-2-thio- 
hydantoin (V; K « Ph), and was therefore identified as 2-thio-4-methylthio-5 : 5-diphenyl- 
2: S-dihydroglyowaline (XIV; Ro Ph). The isomeric bright orange derivative, by elimination, 
must therefore be the 4-thio-2-methyithio-compound (XVI; R = Ph), and the yellow monothio- 
hydantoin obtained from it on hydrolysis must be 5: 5-diphenyl-4-thiohydantoin (XXII, 
R « Ph). It is of interest that the dimethyl! derivative is formed in this methylation when 
only one equivalent of methyl! sulphate, or even less, is used, and there is a corresponding 
recovery of unchanged 5: 5-diphenyl-2 : 4-dithiohydantoin. It would appear that the mono- 
methy! derivatives formed are more susceptible to further methylation than the unmethylated 
substance itself. 
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Some preliminary experiments on the methylation of 5: 5-pentamethylene-2 : 4-dithio- 
hydantoin were described in Part II. There the main product isolated after removal of alkali- 
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insoluble materia! and acidification of the remainder was identified as 5 : 

thiohydantoin. A more detailed study which has now been made showed that the alkali- 
insoluble product was mainly 2 : 4-dimethytehio-6 : 

hydrolysis to 5: 5-pentamethyl 

(XX; RR = </CH,),). for acid hydrolysis of the crude product gave also an alkali-insoluble 
substance later identified as 3-methy!l-5 : 5-pentamethylene-4-thiohydantoin (XXIII; RR = 
<(CH,),). The alkali-soluble fraction was isolated by careful acidification with phosphoric 
acid, and on chromatographic separation gave three products, first, 3-methyl-5 : 5-penta- 
methylene-2 : 4-dithiohydantoin, identical with that obtained by introduction of sulphur into 
the corresponding hydantoin, secondly, 4-thto-2-methyithio-5 : 5-pentamethylene-4 : 5-dihydro- 
giyoxaline (XVI; RR = identified by acid hydrolysis to 5: 5-pentamethylene-4- 
thiohydantoin (XXII), and thirdly, the 2-thio-4-methylitio-isomer (XIV), which was identified 
both by acid hydrolysis to 5 : 5-pentamethylene-2-thiohydantoin (V; RR = <[CH,),), and by 
reaction with 2-aminoethanol to give 4-2’-hydroxyethylimino-5 : 5-pentamethylene-2-thio- 
hydantoin, identical with that described in Part II (loc. ci#.). Asin the 5: 6-diphenylhydantoin 


RK <(CH,, (XID (XIV) + (XV) + + pi + (8X1) 
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The main differences between the two series were, first, the slight tendency to N-methylation 
in the 3-position in the 5 ; 5-pentamethylene series, and secondly, the variation in the proportion 
of the two monomethylthio-derivatives produced. In the 5: 5-dipheny! series, the 4-methy!l- 
thio-compound predominated, while in the 5: 5-pentamethylene series there was more of the 
2-methylthio-derivative. In the 5: 5-pentamethylene series, the 4-thiohydantoin was the 
main alkali-soluble product when the acidification took place under such conditions as would 
bring about the hydrolysis of the very labile 2-methyithio-group. 

The methylation of 5: 5-diphenyl-2 : 4-dithiohydantoin with diazomethane gave rather 
different results. There were obtained two monomethy! and two dimethyl derivatives. The 
former were the 2-thio-4-methylthio-compound (XIV; K « Ph), the only product common to 
the methyl sulphate and diazomethane methylations, and 5 : 5-diphenyl-3-methyl-2 ; 4-dithio- 
hydantoin (XV; R = Ph), identical with that obtained by introduction of sulphur into 5 : 5-di- 
The dimethyl derivatives were 5 ; 5-dipheny!-1 3-dimethy!-2 4- 
dithiohydantoin (XVII; R < Ph), identical with that obtained from 5: 5-diphenyl-1 : 3- 
dimethylthydantoin, and a new, pale yellow, crystalline compound, the structure of which was 
established as follows. It was identical with a dimethyl derivative obtained by the further 
methylation of 5 ; 5-dipheny!l-3-methyl-2 4-dithiohydantoin (XV; R Ph) either by methyl 
iodide or by diazomethane. Only two dimethyl derivatives could be derived by the further 
methylation of this compound. One of these was the 1: 3-dimethyl compound (XVII; 
R = Ph) already identified, and the new compound must therefore be the other, 4-thio-2- 
methylthio-5 : 5-diphenyl-3-methyl-4 : 5-dihydroglyoxaline (XX; R = Ph), Confirmation of this 
structure was obtained by acid hydrolysis, methanethiol being evolved and a monomethy!l 
monothio-derivative of diphenylhydantoin obtained which must clearly be 5: 5-diphenyl-3- 
methyl-4-thiohydantoin (XXI11; R = Ph). 
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Methylation of 5: 5-pentamethylene-2 ; 4-dithiohydantoin by diazomethane gave as 
the main products 3-methyl-5 : 5-pentamethylene-2 « 4-dithiohydantoin (XV; RR = <(CH,),) 
and 2-thio-4-methyithio-5 : 5-pentamethylene-2 ; 5 dihydroglyoxaline (XIV; RR = < (CH,),). 
There was also an oily fraction of dimethyl derivatives which was not completely separated into 
its constituents, but which gave on acid hydrolysis 3-methyl-5 : 5-pentamethylene-4-thiohydantom 
(XXIII; RR = <(CH,),) thus indicating the presence of the 2-methyithio-3-methy!-4-thio- 

derivative, analogous to that obtained in the 5 : 5-diphenylhydantoin series. 

The methylation of 45: 5-diphenyl-2 : 4-dithiohydantoin in aqueous-alcoholic sodium 
hydroxide with one equivalent of methyl iodide gave a mixture of the 2-thio-4-methyithio- 


series, there was also some unchanged starting material 
wed 
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or, if the reaction was carned out at a higher temperature 

compound was proved by its reaction with 

identical with that produced from 5. 5-diphenyl-4-thio- 
hydantoin by the same reagent. The formation of (XXIV) during this methylation clearly 
resulted from a partial hydrolysis of the preformed 2 : 4-dimethylthio-derivative, and this 
hydrolysis was, in fact, accomplished by careful treatment of 2 : 4-dimethyithio-5 : 5-di- 

yighyoxaline with 50%, acetic acid. 

In the methyl iodide methylation of 5 5-pentamethylene-2 : 4-dithiohydantoin, loss of 
methanethiol occurred even more readily, and the only product isolated was 4-methylihio-2- 
heto- &-pentamethylene-2 S-dihydrogiyowalime (XXIV; KER @ </CH,),), identical with the 
product obtained by the action of methy! iodide on 5: 5-pentamethylene-4-thioh ydantoin. 
Its structure was confirmed (a) by conversion into 4-2’-hydroxyethylimino-5 : 5-pentamethylene- 
hydantoin, identical with that obtained from the 4-thiohydantoin by the same method 
(Carrington, J., 1947, 684), and (6) by acid hydrolysis to 5 : 5-pentamethylenchydantoin. 

To complete the account of the methylation of the dithiohydantoin derivatives, it remains 
to describe experiments on the further methylation of various monomethy! derivatives. 5: 5- 
Diphenyl!-I-methyl-2 : 4-dithiobydantoin with methyl iodide or methyl sulphate gave mainly 
4-mathyithio-2-thio-5 5-diphenyl-\-methyl-2 6-dihvdroglyoxaline (XVIII; R = Ph) (evidence 
for this structure will be discussed later), accompanied by a little 5 : 6-diphenyl-1 : 3-dimethy!- 
2: 4-dithiohydantoin. The methylation of 5: 5-diphenyl-3-methyl-2 : 4-dithiohydantoin with 
methyl iodide or diazomethane to give the 4-thio-2-methylthio-derivative has already been 
mentioned. 2-Thio-4-methyithio-5 : 5-dipheny!-2 : 5-dihydroglyoxaline with diazomethane gave 
the 4-dimethyithio-derivative. 

Methylation of I-methy!-6 : 5-pentamethylene-2 : 4-dithiohydantoin has been studied using 
all three reagents, and in all cases the |: 3-dimethy!- and the 4-methylthio-1-methyl-compound 
(XVIIL; RR « <(CH,),) were obtained. The proportions of the two products, however, 
varied with the methylation procedure adopted. Thus, with diazomethane the former 
predominated, and with methyl iodide the latter, while with methyl sulphate approximately 
equal amounts of each were produced. With methyl iodide there was also formed, however, a 
very smal! amount of a vellow alkali-soluble monomethyi-monothio-derivative, which it seems can, 
by elimination, only be l-methyl-5 5-pentamethylene-4-thiohydantoin (XXV; RR <'CH,),). 
produced by hydrolysis of preformed 4-thio-2-methyithio-1-methy!-5 5-pentamethylene-4 5- 
dihydroglyoxaline. This last type, the 4-thio-2-methylthio-1l-methyl-derivative, remains the only 
class of methylated derivative which has not been exemplified in the present work. 

3-Methyl-6 5-pentamethylene-2 4-dithiohydantoin gave 4-thio-2-methylthio-3-methyl-5 5- 
pentamethylene-4 S-dihydrogiyoxaline (XX; RR </CH,),) on methylation either with 
methyl iodide or with diazomethane. The structure of this compound was proved in a similar 
way to that of the corresponding 5: 5-diphenylhydantoin derivative, by the fact that acid 
hydrolysis liberated methanethiol, showing the second methyl group to be attached to sulphur, 
and gave as product 3-methyl-5 : 5-pentamethylene-4-thiohydantoin (XXIII; RR = 

‘CH,),). The presence of this dimethyl derivative had been deduced in the product 
of the diazomethane methylation of 5: 5-pentamethylene-2 : 4-dithiohydantoin by a similar 
hydrolysis, but its isolation in a state of purity was not accomplished in that case. 

4. Thio-2-methyithio-5 5-pentamethylene-4 : 5-dihydroglyoxaline with methyl iodide gave 
the 2: 4-dimethylthio-derivative. 

We must consider next experiments on the methylation of the monothiohydantoins. 
5: 6-Diphenyl-2-thiohydantoin (V; R Ph), with methyl iwdide in the usual way, gave 
4-keto-2-methyithio-5 : 5-diphenyi-4 : 5-dihydrogtyoxaline (VI; R = Ph) (cf. Biltz, loc. cit.). 
This compound was also described by Cattelaine and Chabrier (Bull. Soc. chim., 1947, 639) who 

. gave it the formula (XXVIII), and stated that further methylation with 
SMe methyl iodide gave 4-keto-2-methylthio-5 : 5-diphenyl-I-methyl-4 : 5-di- 
rm’ co—t hydrogiyoxaline, which could then be hydrolysed to 5: 5-diphenyl-1- 

(XXVIIT) methylhydantoin. The present work, however, was in agreement with the 

observation of Biltz, and confirmed that the product of further methylation 
was the 3-methy! compound (IX; R « Ph), for on hydrolysis it gave 5 : 5-diphenyl-3-methyl- 
hydantom. 


4-dimethyithiocompound (XXI; K =< Ph), with a recovery of 
some unchanged starting material. Methylation ip alcoholic solution with an excess of methy! 
todide and in the presence of sodium hydrogen carbonate gave the 2 : 4-dimethyithio-derivative, 
| 


Thiohydantoins. Part II. 359 


: §-diphenyl-2-thiohydantoin with diazomethane gave three products. In 

addition to 4-keto-2-methyithio-5 : 5-diphenyl- and 4-keto-2-methyithio-5 : 5-diphenyl-3- 

: &-dihydroglyoxaline described above, there was also produced 5 : 5-diphenyl-3- 

methyl-2-thiohydantoin (VI[; R= Ph). The other possible structure for this compound, 

namely 5: 5-diphenyl-l-methyl-2-thiohydantoin, was excluded by the synthesis of this latter 
compound by another route which will be described later. 


Mei CHR, 


With methyl iodide 5: 5-pentamethylene-2-thiohydantoin (V; RR <[CH,),) gave a 
result parallel to that just described for the 5: 5-diphenyl series, 4-Acto-2-methyithio-5 ; 5- 
pentamethylene-4 : 5-dihydroglyoxaline (V1; RR = <(CH,),) being produced, the structure of 


<([CH,),); the location of the methyl group in the 3-position was established, first, by 
conversion by phosphorus pentasulphide into 3-methyl-5 : 5-pentamethylene-2 : 4-dithio- 
hydantoin, and secondly, by further methylation with methyl iodide to give 4-Aeto-2-methyl- 
thio-3-methyl-5 : 5-pentamethylene-4 : 5-dihydroglyoxaline (IX; RR = <[CH,),) which was 
hydrolysed by acid to 3-methyl-5 : 5-pentamethylenehydantoin. 


RR = <(CH,. vw) > wm an 


(TIT) 

Comparatively few experiments have been carried out in the 4#-thiohydantoin series. 
2-Keto-4-methylthio-5 5-dipheny!-2 5-dihydroglyoxaline (XXIV; R= Ph) with methyl 
iodide gave the l-methyl derivative (XXVII; R = Ph), which was readily hydrolysed to 
5: 56-diphenyl-1-methylhydantein. This series of reactions was of interest in that it provided 
another means of entry into the series of 5 : 5-diphenyl-1-methy! derivatives, which is otherwise 
rather difficult of access. 

5: 5-Pentamethylene-4-thiohydantoin, with methy! iodide, gave 2-keto-4-methylthio-5 : 5- 
pentamethylene-2 : 5-dihydroglyoxaline (XXIV; RR = <[CH,),). When diazomethane was 
used, this product was accompanied by 3-methyl!-5 : 5-pentamethylene-4-thiohydantoin, which 
had previously been obtained by the hydrolysis of the 2-methylthio-3-methyl-4-thio-derivative. 

5 : 5-Dipheny!-3-methy!-4-thiohydantoin (XXIII; R = Ph), on treatment with methyl 
iodide, gave the 1: 3-dimethyl derivative (XXVI; RK = Ph). The establishment of the 
structure of this compound was of great value in settling the constitution of another de- 
rivative mentioned previously, the product obtained by the methylation of 5: 5-diphenyl-1- 
methyl-2 : 4-dithiohydantoin (XIII; R= Ph). On acid hydrolysis, this last methylated 
product lost methanethiol and gave a 1-methyl-monothio-derivative, which could only be the 
2- or 4-thio-compound. This was converted by diazomethane into a dimethy!-monothio- 
derivative, stable to acid and, therefore, with both methyl groups attached to nitrogen, As 
this substance was different from the 1 : 3-dimethyl-4-thiohydantoin described above, it clearly 
could only be 5: 5-diphenyl-1 : 3-dimethyl-2-thiohydantoin (XI; R =~ Ph), The 1-methyl- 
monothio-derivative from which it was obtained must, therefore, be 5 : 5-diphenyl-l-methyl-2- 
thiohydantoin (VIIIl; R = Ph), and the product of methylation of the I-methyl-2 : 4-dithio- 
hydantoin was 2-thio-4-methylthio-5 : 5-diphenyl-\-methyl-2 : 5-dihydroglyowaline (XVIIL; R 
Ph). Methylation of 5: 5-diphenyl-l-methy!-2-thiohydantoin with methyl iodide gave 
4-heto-2-methylthio-5 5-diphenyl-l-methyl-4 : 5-dihydroglyoxaline (X; R = Ph), a compound 
of considerable interest, since it was the only example of a dimethyl! derivative substituted in 
both the I- and the 2-positions. 


Mel 


an (xy 
Further evidence of the structure of 5: 5-diphenyl-1 : 3-dimethyl-2-thohydantoin (XI; 


(1950) 
which was proved by acid hydrolysis to methanethiol and 5 : 5-pentamethylenchydantoin. 
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K = Ph) has been obtained from its formation by another series of reactions. It was shown 
in Part Il that when 2-aminocthanol reacted with a 5: 5-disabstituted-2 : 4-dithiohydantoin 
the sulphur in the 4-position was preferentially replaced. It was further established that a 
2-hydroxyethylimino-group was readily removed from the 4-position by acid hydrolysis, while 
in the 2-position it was unaffected by this treatment. The reaction of 2-aminocthanol 
with 6: 5-diphenyl-1 : 3-dimethyl-2 : 4-dithiohydantoin (XVII; R =< Ph) was therefore of 
considerable interest. First, it was not known whether reaction would occur at all, in view of 
the absence of a tautomerisable hydrogen atom. it was possible that the reaction would only 
take place with a ~C(SH)<“N~ grouping. Secondly, if reaction did take place, it was uncertain 
whether the preferential substitution in the 4-position would still occur, and whether the product 
would be hydrolysed by acid. In fact, the reaction followed the normal course, although it 
was slow, and the product, 4-2’-Aydroryethylimino-5 3-dimethyl-2-thiohydantom 
(XXIX; K « Ph) was readily hydrolysed by acid, giving 5: 5-diphenyl-1 : 3-dimethyl-2- 
thiohydantoin (XI; Ro « Ph). 


(CH, On 


yOH 
(XXIX) 

5-pentamethylene-2-thiohydaniown (XXX; RR = 
<(CH,),) was obtained by the action of aqueous 2-aminoethanol on the I-methyl-2 : 4-dithio- 
hydantoin. On acid hydrolysis it gave l-methyl-5 : 5-pentamethylene-2-thiohydantoin (VII1; 
RR </CH,),), which was also produced by acid hydrolysis of 2-thio-4-methy!thio- Il-methyl- 
5 S-pentamethylene-2 : 5-dihydroglyoxaline (XVIII), one of the products of methylation of the 
I-methyl-2 4-dithiohydantoia. 


Meth 
RR <(CHy, (MVE) + (XVIII) 
| Ha 


CH)yOH (XXX) 


The action of diazomethane on 1-methy!l-5 : 5-pentamethylene-2-thiohydantoin gave the 
1}: S-dimethy! derivative (XI). From its method of formation this could only be the 1 : 3-di- 
methy! or the 2-methyithio-l-methy! derivative. As it was stable to acids, and therefore 
contained no methylthio-group, the former structure was correct. 

Methyithio-substituents in the hydantoin nucleus were replaced by 2-aminoethanol more 
readily than were the unmethylated thio-groups. Thus whereas 5 : 5-diphenyl-2 : 4-dithio- 
hydantoin gave 4-2'-+ydroxyethylimino-5 : 5-diphenyl-2-thohydantoin (XXXII; R = Ph), 
5. S-diphenyl-4-thiohydantoin gave 4-2’-Aydroryethylimino-5 5-diphenylhydantoim (XNXXIIT;, 
R Ph), and 5° 5-diphenyl-2-thiohydantoin gave 2-2’-Aydroryethylimino-5 5-diphenylhydantoin 
(XXXII; « Ph), it was found that with 4-thio-2-methyithio-5 : 5-diphenyl-4 5-dihydro- 
giyoxaline reaction occurred preferentially in the 2-position, with formation of 2-2’-hydroxry- 
ethylimino-5 5-diphenyl-4-thiohydantoin (XXXIV; R Ph). 


(Vv) (ALL) (XALD (XVI) 


(CH) OH R,  NH€O OH 
N~CH,),°OH 
Ph 
(XXXI) (XXXIL) (XXXIIL) (XXXIV) 


It might therefore be expected that the 2: 4-dimethylthioglyoxalines would react with 
2-aminoethanol with great case to give derivatives with two 2-hydroxyethylimino-substituents. 
This, however, was not the case. These compounds were inert towards 2-aminoethanol, and 
when, under drastic conditions, reaction did occur, no identifiable products could be isolated. 
A bydantoin derivative with basic substituents in both the 2- and 4-positions has, however, 
been obtained by an indirect route. 4-Thio-2-methy!thio-5 : 5-pentamethylene-4 : 5-dihydro- 


¢ kK 
K 
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glyoxaline (XVI; RR «= <{CH,),) reacted readily with 2-aminoethanol to give 2-2’-Aydrory- 
ethylimino-5 : 5-pentamethylene-4-thhohydantoin (XXXIV; RR = <(CH,),). This could be 
methylated with methyl! iodide in the usual way to give 2-2’-hydroxyethylimino-4-methylthio- 
5: 5-pentamethylene-2 : 5-dihydroglyoxaline, which was not obtained analytically pure but was 
characterised by acid hydrolysis with loss of methanethiol to give 2-2’-hydroxyethylimino-5 : 5- 

thylenehyd in (XXXII; RR = <[CH,),), identical with that described in Part II. 
The 4-methylthio-compound now reacted readily with a second molecule of 2-aminoethanol to 
give 2. 5-pentamethylenchydant (XXXV; RR & 

-hydroxyethylimino-5 : 5 


which on acid hydrolysis was also converted into 2-2" 


thylene. 


RR = <{CH,), 


RY 
(XXXV) OH 

phosphorus pentasulphide. Thus, an attempt was made to find a more convenient method for 
the preparation of 4-thio-2-methyithio-5 : 5-dipheny!l-4 : 5-dihydroglyoxaline (XVI; R Ph) 
by the action of this reagent on the 4-keto-2-methylithio-compound, but the product obtained 
was 5 : 5-diphenyl-2 : 4-dithiohydantoin. A similar case was the preparation of 5 : 5-diphenyl- 
1-methyl!-2 : 4-dithiohydantoin directly from 2-keto-4-methylithio-5 : 5-diphenyl-I-methyl-2 5- 
dihydroglyoxaline. Such replacements have been described previously, for example, in the 
uracil series, by Elion and Hutchings (J. Amer. Chem. Soc., 1947, 69, 2138). 

Of the twenty-seven possible types of 5: 5-disubstituted hydantoins, their thio-analogues, 
and N- and S-methy! derivatives, we have thus been able to prepare representatives of al) but 
one, namely, the 4-thio-2-methy!thio-l-methy! compounds (XIX). The only case where it was 
possible to isolate a product with methyl groups in both the 1- and the 2-position was with 
5: 5-diphenyl-1I-methyl-2-thiohydantoin, when methylation with methyl iodide occurred op 
the sulphur atom rather than at the 3- or 4-position. 

It is not possible to formulate simple rules governing the methylation of these hydantoin 
derivatives, but a few general trends may be mentioned. Of the methylating agents used, 
methyl iodide tends to give most complete S-methylation. Diazomethane has the greatest 
tendency towards N-methylation, and methyl sulphate is intermediate. This is of course only 
to be expected, since diazomethane is used in ethereal solution, where the existence of ~-CS‘NH- 
systems would be expected to be favoured. With the other methylating agents, the reaction 
was carried out in polar solvents in presence of sodium hydroxide, where ~C(“SH)=N~ systems 
should predominate. 

There appears to be a general tendency for less N-methylation to occur in the 5 ; 5-dipheny! 
series than in the 5 : 5-pentamethylene series. 

An interesting contrast exists between the dithiohydantoins and the methy!thio-derivatives 
in their behaviour towards acid. The 5: 5-disubstituted 2 : 4-dithiohydantoins as a class are 
stable to acid hydrolysis, but, as described in Part II, 5 : 5-dimethy!-2 : 4-dithiohydantoin can 
be hydrolysed by acid to the corresponding 2-thio-derivative, the sulphur atom in position 4 
being replaced by oxygen. When, however, 2: 4-dimethylthio-5 ; 5-diphenylglyoxaline was 
submitted to a careful partial hydrolysis the 2-methylthio-group was removed first, leaving the 
4-methylthio-group intact. 

The ultra-violet absorption of the available pentamethylene derivatives has been measured 
in methanol solution. The hydantoins themselves show no specific absorption, but the thio- 
derivatives in general have characteristic bands. The structure of the dimethyl! derivatives is 
fixed, and from their absorption spectra some deductions can be made of the probable structure 
of some of the unmethylated and monomethylated derivatives, where possibilities of tautomerism 
exist. In methanol solutions the compounds appear to exist wherever possible in the annexed 

form, with both the double bonds outside the ring. Thus in the dithio-series 
the compounds (XII), (XIII), and (XV) have spectra closely similar to that of 
(XVII) which must have a structure of the type indicated, and in the 2-thio- 
series the compounds (V), (VII), and (VIII) (XI). 
In the 4-thiohydantoins there is no available compound in which this structure is obligatory, 


j 
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but (XXI1), (XXIL1), and (XAXV), with closely similar spectra, probably also exist in this form. 
No clear grounds appear to exist for the correlation of the structures of other members of the 
series with the fixed structures of (XVIII), (XX), and (XX1) on the basis of their absorption 
spectra in methanol solution. 

In view of the large sumber of compounds involved and the fact that man 
more than one experimental ure, the table serves as an index to 
References are there given for compounds. Where alternative = 3. Af. 
favoured procedure is given first, followed by the others in order of preference. In the text below, 


«cross-references given as “ cf. A“ etc. indicate identity established by mixed m.p. Absorption spectra 
were determined in methanol. 


5: 5-Dipheny! series. 


Long, Miller and Troutman, J. Amer. Chem. Soc, 
1944, 70, D 


= 


"1009, 42 1792. A,B 
Ber. 1000, 1792, B. 


Dd. 
Biltz, Ber., 1909, 42. A, B. 


Bilts, Ber , 1900, 42, 1792; FP. 
Henze and Smith, /. Amer. Chem. See., 1943, 66, 


E, B, 
A.¢ 


lap 


(A) Methylations with Methyl lodide —The bydantoin (1 mol) was in methanol for 
ethanol) (about 10 c.c. per g.) and aqueous sodium hydroxide (1 mol. ; 2% tion) was added, where- 
upoa the hydantoin dissolved. Alternatively, the hydantoin was dissolved in equivalent of nx thanolic 
sudiam hydroxkle. Methyl iodide (1-1 mols.) was added and the mixture was set aside. The product 
usually crystallised, sometimes in a few minutes, sometimes overnight. When this failed to occur 
the alcoho! was removed in vacwo, and the residue was washed with water, to remove sodium iodide, and 
purified by crystallisation 
In this way 45: 6-dipheny!-2-thiohydantoin (V) gave 4-keto-2-methyithio-5 : 5-diphenyl-4 : 5-di- 
hydroglyoxaline (V1), colourless needles (from ethanol), m. p. 243° (90%) (Found: C, 67-75; H, 485; 
Cale. for C,H C, 681; H, 495; N, ). This (in ethanol) gave 4-keto-2 -meth 
thio-4 5-tiphenyt-3- methyt-4 (1X), coloarless needles (from ethanol), m pt 
480%) (Pound: C, 602; 54; N, @15. Cale. for C,.H,ON,S: C, 66-9; H, N, 95%). 
2 Keto-4-methylthw-5 5-diphenyl-2 5-dihydroglyoxaline (in ethanol) gave 2-keto-4 
S-dihydroglyoraline (XXVL1), colourless needles (from ethanol), m. p. 
(86%) (Found C, 600; H, 565; N. 955. requires C, 68-9; H, 5-4; N. 95%). 5-Di- 
ohenyvl-3- methyl 4 thiohydantoin | XXII) (in ethanol gave 5 5-diphemyl- 1: 9-dimethvi- + 
IxX¥n. cream-coloured priems (from m (Found: C, 692; H, 54; 
N, #1 ONS wires C, 689, H, 54, 3-methyl-2 4-dithio- 
yellow plates (from methanol), m. p. 148° (92%) (Found: C, 65-2; H, 52; N, 805. C,H, 
requires C, 65-3; H, 515: N, 5-Diphenyt- I-methyl-2 : ¢-dithiohydantoin (XIIT) (in et 
C, 65-3; 


S. p : 663; H, &15; N, requires 
yl-2 : 4-dithio- 


Cc 
15, by a very small amount of 
xvi 


2 (Xt ve a mixture, which on 


; B-diphonyt 


Bucherer and Lieb, /. pr. Chem., 
1934, 141, 5. 
Tit. Piles, Ber, 41, 1386 
IV. Bits, Ber , 1008, 41, 170, 1379. 
Vv. Bitz, ri Carrington, J 
vi Hitz, 
Vil. 
vill 
1X. 
x 
XII Carringtua, 7, 
XIV A. BC. 
XV B. 
XVI. Cc. 
XVIL. E, B, A, C. 
XVII A. 
XIX 
XX A, A, B, 
A.C, Cc, A 
XXII. Carrington, /., 1947, 644. 
Db D, B. 
XXIV A. A, B. 
XXV — A 
XXXVI \ 
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very sparingly soluble substance from the alumina) (Found: C, 642; H, @6; N, @1. 
requires C, 644; H, 4-7; N, and small amount of unchanged starting material. 
tin | tether y product, which after 
meres 


: ylene- (V) gave 4-heto 2-methyithio- tes. 
ot (Vb, m. p. 152—1 (70%) (Found Cc, 
71; 13-8 CH Methyl pen 545; H, N, 14-15%); absorption Maximum, 
thio-3-methyi-S lyoxaline (XX), colourless plates (from methanol), 
A (75%) (Found; C, 52-6; H, ry N, 124. 5246; H, 70; N, 
Maxima, 2500 and 2950 


tamethylene-2- -thiohydantoin (VII) gave 4-4elo- ods 
(LX), colourless prisms (from aqueous methanol), m. p. 62-- (80%) (Found; C, 56-8; 


75; N, requires C, 56-6; H, 7-55; N, %); ponte 
absorption only lene-4-thiohydantoin (XXII) gave 2- b- 
methylene-2 (AXIV), prisms (from a small of methanol 
m. p. 236° (42%) (Found : C, 54-3; H, 72, N, 140. om ON,S requires C, 54 ‘A; N, TTOIF 
light absorption : Maximum, 2440 en 9,820. S-meth methylthio-5 5 pentamethylene-4- 
dihydroglyoxalime (XVI) gave 2 : 4-dimethyithio-5 m. p. 48-40" 
methyl-b : are ) low prisms (from methanal), m. 
148—149° (50%) (Pound : c , H,70; N 
light a 10n at There was also found & small amount of 1 
methyl-5 pentamethylene-2 : 4-dithiohydantoin (XVII, m 127° (cf. EB), and a few yellow 
needies of an alkali-soluble substance of m. p. which is believed to be l-methyl-5 5-penta- 
(XXV) (Found: C, 547; H, 74; N, 138. requires C, 54-5; 
H, 7-1, N, 14-15%) (light absorption : Maxima, 2360 and 2850 4.; © ~ 5,750 and 11,400, respectively). 
When the sodium salt of 5: 5-pentamethylene-2 : 4-dithiohydantoin (XII) was treated with methy! 
iodide in methanol solution at room temperature, methahethiol was evolved; after removal of the 
solvent im vacwo the residue was washed with ether and water, and extracted with chloroform. 
Evaporation of the chloroform solution gave 2-keto-4-methylthio-5 | 5-pentamethylene-2 ; 5-dihydro- 
giyoxaline (XXIV), m. p. 234° (from methanol) (cf. above). 

Other methylations with methyl iodide were carried out in alcoholic solution in presence of sodium 
hydrogen carbonate. 5: 5-Diphenyl-2 : 4-dithiohydantoin (xi) (7-1 g.) io methanol (100 c.c.) was 

heated under reflux to 50° with efficient stirring for 5 hours with methyl iodide (10 g.) and 


sodium hydrogen carbonate (6 g.) ht the product crystallised. 
and was filtered off, washed with water, and dried, giving 2 Scoathplthio-+ lyomaline 
(XX1}), long colourless prisms (from methanol), m. p. 140° (88%) (Found: C, 65-3; H, , 


S, requires C, 65-3; H, 5-15; N, 90%) (cf. above). Under slightly more conditions 
and without efficient stirring, a different uct was obtained. Thus, (XII) (7-1 g) in methanol 
(100 ¢.¢.) was heated under reflux todide (8-5 g.) and sodium hydrogen carbonate 


(5 @.) for 6 hours without stirring. the crystalline ct was off te give 
5-diphenyl-2 prisms (from ethanol), m. p. 264° 
) (cf. 

M cthyiat with Ds ethane. —-The hydantoin was added to excess of an ethereal solution of 


diazomethane. In some cases a little methanol was added. The mixture was set aside overnight, and 
the uct was isolated by removal of excess of diazomethane and ether by distillation. 

: 5-Diphenyl-2 : 4-dithiohydantoin (XII) gave a complex mixture of products from which, 
chromatographic separation of a chloroform solution on alumina, there were isolated: 4-thio-2-meth 
thio-5 : 5-diphenyl-3-methyl-4 : 5-dihydroglyoxaline (XX), m. p. 148" (42 (ef. A), 5: 5-diphenyl-3- 
methyl-2 4-dithiohydantoin (XV), m. p. 206° (20%) (cf. 2-thio-4-methylthio-6 5-diphenyl-2 ; 5- 
dihydroglyoxaline (XIV), m. rs 256° ges (ef. A), and 5 5-diphenyl-1 : 3-dimethyl-2 : 4-dithiohydantoin 
= a p. 167° (3%) - The proportion of the mono- and di-methy! derivatives obtained 


upon t t of d eth in excess. 2-Thio-4-methyithio-6 
(xiv) gave 2: 4dimethylthio-5 5-diphenyiglyoxaline m p 


5 5-Diphenyl-3-methyl-2 : ¢dithiohydantoin (XV) gave 4-thio-2-methylthio-5 : 5- 
4: 5-dihydroglyoxaline (XX), m. p. 148° ist A). 5: 5-Diphenyl-2-thic- 
ae (V) gave a mixture, separated by passage of its ethereal tion through an alumina column, 
into 4-keto-2-methylthio-5 5-diphenyl-3-methyl-4 : 5-dihydroglyoxaline (1X), m. p. 175" (5%) A), 
5 5-dipheny!-3-methyl-2-thiohydantoin (VII), colourless needles (irom et p. 186" ( 
(F : C, 681; H,52; N, 100. Cale. for C,,.H,,ON,S 4 
methylthio5 5-diphenyl-4 5-dihydrogtyoxaline (V1), m. p. 812° (34%) (ol. A), 
5: 5-Pe t (1) gave 3-methyl-5 yienchydantoin (III), m. p. 213° 
%) (ef. C). tamethylenehydantoin (II) gave 1 3-dimethyl-5 6-pen 
toin (IV), m. p. 68 (cf. 5: &-Pentamethylene- ve 
Vil), colourless plates (from methanol), m 75° (78%) (Pound 
448; H, 71; N, 143. ON,S ives C, 54-5; H, 7-1; x hight 
2320 and 2670 a. ; e — 9.360 and | 000 respectively. 5:5 


(XXID gave a mixture of 2-keto-4-methyithio-5 : & pentamethylene-2 : 
m 234° (ef. A), ont 3-methyl-5 : 5-pentamethylene-4-thiohydantoin (XXIII), . 
(Found : C, 56-4; N, 13-0. NON,S requires ; H, 7-45; 2%); light 
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Maxima, 2380 and 2650 4., 13,570 and 17,100 respectively. 5: 5-Pentamethylene- 
2: édithiohydantoin (X11) gave a mixture of products. There separated from the reaction mixture 
4 colourless needles (from methanol), 
m. p. (26%) (Pound: C, 50-7; H, 66; N, 5-5, H, 65; N, 
131%); light absorption: Maximom, 28204; = 11,000 a., @ ~ 8,700. The 
residue, after removal of ether aad excess of i was aaa with light petroleum (b. p 
040") to give 3-methyl-5 5-pentamethylene-2 : 4-dithiohydantoin (XV), m. p. 191-192" (46%) 
(ef BE). The light-petroieum washings, on eva tion, left an oil which was not purified but on acid 
bydrolysis lost methanethiol and gave 3-methy!.5 5-pentamethylene-4-thiohydantoin mp 191° 
(9%) (cf. this indicated the presence of 5-pentamethylene-4 5- 
dihydroglyoxaline (XX). Methylation of I-methyl-5 5-pentamethylene-2 
with diazomethane gave | : 3-dimethyl-5 5-pentamethylene-2 4-dithiohydantoin (XVII), m 
(45%) (cf. BE). and 5-pentamethylene-2 5-dibydroglyoxaline | 
m. p 148-169" (5%) (cf A). 3-Methvl-6 5-pentamethylene-2 4-dithiohydantoin (XV) gave 4-thio- 
methylithio-3-methyl-5 5-pentamethylene-4 5-dihydroglyoxaline (XX), m. p. 63—64" (90%) (cf. A). 

(C) Methylations with Methyl Sulphate.—5 : 5-Diphenyl-2 : 4-dithiohbydantoin (XII) (15 ¢) was 
dissolved in dilute aqueous sodium hydroxide (165 ¢.¢.; 4%). To the stirred solution, methyl sulphate 
9 ¢) was added during 10 minutes, the temperature being kept below 26°. The mixture was stirred 
or a further 2 hours and was then filtered. The solid prodact, recrystallised from methanol, gave 
2: 4-dimethyithio-5 5-diphenylighyoxaline (XN XI), m. 140° (25%) (cf. A). The alkaline filtrate was 
clarified with kieselgubr and then acidited with hydrochloric acid, and the product was extracted with 
chloroform. The dried chloroform solution was passed through an alumina column, affording 2-thio-4- 
methylithio-5 6-dipheny!l-2 5-dibydrogtvoxaline (XIV), m. p. 256° (19%) (cf. A), and 4-thic-2-methyl- 
thio ge bright orange-yellow needles (from methanol), m. p. 
211° (13%) (Found 643; 465; requires C, 64-4; H, 47; N, 94%), which 
darkened on exposure to light 

In a similar manner 5 5-diphenyl-l-methyl-2 : 4<lithiohydantoin (XIII) gave a mixture from which 
there were obtained, by chromatographic separation from ether-chloroform (1; 1) on alumina, 5 : 5-di- 

: -dimethyl-2 : 4-dithiohydaetoin (XVII), m. p. 167° (12%) (ef. EB), and 2-thio-4-methylthio- 

5-dihydroglyoxajine (XVIII), m. p. 205° (30%) (cf. A). 

Methy! sulphate (32 ¢.) was added during 5 minutes to a stirred solution of 5: 5-pentametbylene- 
bydantom (1) (34g) in aqueous sodium hydroxide (10 ¢. in 200 ¢.c.), the temperature being kept below 
"Alter being stirred for a further 10 minutes the mixture was cooled and filtered, and the solid 
product was recrystallised from methanol, giving 3-methyl-5 & (111), colourless 
needles, m. p. 212-—213" (75%) (Found: C, 595; H, 7-8; N, 153. C,H,,O,N, requires C, 593; H, 
7-7; N, 16-46% 

Similarly 5- -pentamethylenehydantoin gave 3-dimethyl.5 5-pentameth ylenchydantoin, 
colourless prisms (from aqueous methanol), 65-69" (74%) (Found: C, 60-8; H, #2; N, 14-4. 
c N, requires C, 61-2; H, N, 143%) 

Pentamethylene-2 ¢dithiohydantoin (X11) (48 g.) in aqueous sodium hydroxide (360 c.; 8%) 
was nthe terme by addition of methyl! sulphate (36 ¢.) with stirring, during 20 minutes, temperature 
being kept at 510°. The mixture was stirred for a further 3 hours, the temperature being allowed to 
tise to 20° The insoluble solid was filtered off and reerystallised from aqueous methanol, to give 2: 4-di- 
methylthio-S (XX1) as colourless needles, m. p. 48-—49° (33%) (Found : 
C, S30; HM, 71; N, 125. requires C, 52-6; HM, 74; N, 123%); light absorption - 
Maximum, 2570 4.: € = 6,800. This substance was soluble in dilute hydrochloric acid and could be 
distilled (b p. 120°3 mm) The crude alkali-insoluble solid also appeared to contain some 
4-thio-2-methyithio- 3-methyl-5 5-pentamethylene-4 5-dihydroglyoxaline (XX), for acid hydrolysis 
gave, 10 addition to 5: 6-pentamethvlenehydantoin (1), an alkali-insoluble product identified as 3-methyl- 
5: S-pentamethylene-4-thiohydantom (XXIII), mp. 191° (cf. Dj). The alkaline filtrate from the 
methylation was acidified below 10° with phosphoric acid, and the solid was filtered off, washed with 
water, and dried. Chromatographic separation from chloroform solution on alumina gave as the main 
product) 2-methyithto-5 pentamethylene-4 (XVI), yellow needles 
(from aqueous methanol), m 161° (30%) (Pound, C, 506; H, 66, N, 13-4 uires 
© H, 13-1%): light absorption Maxima, 2550, 2970, and 3300.4; = 7, 340, 
and 8,890 respectively This compound darkened on exposure to light. It was ccosupented oy small 
of 3-methyl-5 6-pentamethylene-2 4-dithiohydantoin (XV), m. p. 191—-192° (cf. E), and 

thio-4-methvithio-5 5-pentamethvlene-2 5-dihydroglyoxaline (XIV), m. p. 217-—218* (cf. B). 
1-Methyt-5  S-pentamethylene-2  4-clithiohydantoin (XIII), methylated under similar conditions, 
gave a mixture which was separated chromatographically from chloroform solution on alumina into 
1 5-pentamethylene-2 : 4-dithiohydantoin (XVII), m. p. 126° (29%) (cf. E), and 2-thio-4- 
methyithio-l-methyl-6 5-pentamethylene-2 : 5-dihydroglyoxaline (XVIII), m. p. 148—149° (23%) (cf. A). 

(D) Hydrolysis of Methylthio-compounds —The methylithio-compound (5 g.) in 20% hydrochloric 
ackl (20 « ¢.) was heated uoder reflux for 4-—4 hours. Methanethiol was evolved, and on cooling the 
product In the 5: S«liphenyl series, where the starting materials were ngly 
the hydrolysis was usually carried out in a mixture of 36% hydrochloric ocd (20 cc.) and 
ethanol (40 « 

In this way 2: 5 ighvoxaline (XXI) gave 5: 5-diphenythydantoin (I), 
colourless crystals (from aqueous methanol p. 300° (60%). The same product was obtained from 
2-keto-4-methyithio-5 5-<diphenyl-2 5 (AXIV) (65%). 2-Keto-4-methylthio-5 5- 
: S-dihydroglyoxaline (XXVIII) gave 5 1- (11), long 

— prisms (from aqueous methanol), m. p. 225° (94%) (Found . 723; H, 6 12-2. Cale. 
poss C,HyON,: C, 722; H, 5-25; N,11-5%). The same product was ‘obtained in theoretical 

4-keto-2-methyithio-5 5-dihydroglyoxaline (X). 4-Keto-2-meth 
tues 5-dib yoxaline (IX) gave 5: 5-diphenyl-3-methylhbydantoin (III) 
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in almost theoretical yield. 4-Thio-2-methylthio-5 : 5-diphenyl-4 5-dihydrogtyoxaline (XVI) ga 

5: -4-thichydantowm (XXI11), yellow (from methanol), m. p. 273-274" 
(FP C, 668; 46: N, requires 67-2, H, 45; N, 1045 
2-Thio-4-methyithio-5 5-di yi-l-methyl-2 : gave 5 5-diphenyl- 
682: H, 495: N, 100. : Ithio- 
5 5-diphenyl- 3-methy!-4- 5-dihydroglyoxaline 

pale yellow needles (from aqueoes methanol), m. p. 202" (82°, found 
N, 9-05. C,,H,ON,S requires C, 68-1; H, 495; N, 9-95 

2 : 4-Dimethylthio-6 : -pentamethyleneglyoxaline (XX1  &-keto-2- methylthio-5  5-pentamethylene. 
4: 5-dihydrogtyoxaline (V1), or 2-keto-4-methylthio-5 : 2: 5-dihydroglyoxaline (XXI'V) 
gave 5: 5-pent thylenchydantoin (I), m. p. 217--21 acid hydrolysis. 4Keto-2-methylthno-3- 
methyl -5 : §-pentamethylene-4 5-dihydroglyoxaline (1X) gave 3-methyl-5 5-pentamethylene- 
m. p. 212° (47%). 2-Thio-4-methylthio-5 5-pentamethylene-2 : 5-dibydroglyoxaline 

[V) gave 5: (V), p. 100-191" (819%); light absorption 
2240 2600 4.; «9.910 and 20,300 respectively. 4-Thio-2-methyithio-5 
methylene-4 (XVI) gave 5: 5-pentamethylene-4-thichydantoin (XXII), 
240°; light absorption 2300 and 2780 a.; © ~ 4,360 and 15,500 respectively €Thio- 
methy!thio-3-methyl-5 ntamethylene-4 plates rom methane gave S-methyl-5 5-penta- 
methylene- X11), almost colourless plates (from m. p. 190—.191° (71%) (Found: 
C, 548; H, 60; N, Colt IN,S requires C, 54-5; 14-10%); light a ion: 
Maxima, 2290 and 2780 ; $.200 and 15,100 5- 
pentamethylene-2 6-dihydroghyoxatine (XVIII) gave in almost quantitative l-methyl-5 5- 

thylene-2-thiohydantom (VII), colourless needles (from m 153” (Found 
C, 648; H, 7-2; N, 1#1. | wires C, 54-5; H, 14-15%) ; light absorption 
Maxima, 2300 and 26504.; ¢ = 7, nd 12,750 respectively. 

2: +-Dimethyithio-5 5-di (8 was heated under reflux for | hour with 
glacial acetic acid (80 c.c.) and water (20c.c.). Methanethiol was evolved. Water (200 ¢.c.) was added, 
the mixture was cooled, and the uct was filtered off, washed with water, and recrystallised from 
ethanol, to give 2-Aeto-4-methylthio-5 : 5-diphenyl-2 : 5-dikydroglyoxaline (XXIV), colourless prisms, 
m. p. 264° (64%) (Found C, 67-7; H, 6-0; N, 05. requires C, 68-1; H, 4-95; N, 93%). 

(E) Introduction of Sulphur. —The hydantoin (10 g.) and phosphorus (10 were 

ed in tetralin (60 c.c.; more was occasionally required with sparingly soluble compounds), and 
under reflux with efficient stirring for |—1i hours. The mixture was filtered hot. The product 
ated from the solution on cooling. It was filtered off, and purified by recrystallisation 

5 : 5-Diphenyl-2-thiohydantoin (V) a, 5: 5-diphenyl-2 : ithiohydantoin (X11), bright yellow 

ms (from methanol), m. p. 268° (70 also produced similarly from 4-keto-2-methyithio-5 : 5- 

yl-4 S-dihydroglyoxaline (VI). 5: I-methylhydantoin (II) gave 5: 5-diphenyl-t- 
methyl-2 4-dithtohydantoin lemon-yellow prisms (from methanol), m. 217° (82%) (Found 
C, 64-8; H, 485; N, 925. C,,H,N,S, requires C, 644; H, 47; N, 04%), also obtained from 
2-keto-4-methyithio-5 methyl- 2: 5-dibvdroglyoxaline 5: &-Di henyl-3-methyl- 
hydantoin gave 5 5-diphewyl-3-methyl-2 4-dithiohydantoin (XV), yellow from methanol), 
m. (47%) (Found: C, 64-6; H, 4-75; N, #3. requires C, 47; N, 04%). 
5 : 5-Diphenyl-1 : 3-dimethythydantoin (IV) gave 5: 5- : 2: 4-dithiohydantown 
XVII}, yellow needles (from methanol), m. p. 167° (60%) (Found: C ; H, 68: N, 88. 
oN requires C, 65:3; H, 5-15; N, 949%). 

i-Met hyl-5 5-pentamethylenehydantoin ( ) gave &-dithiohydanton 
hexagonal (from aqueous methanol) 192—193° (60%) (Found : C, 
H, 6-5; N, 13-25. C,H,,N,S, requires C, 50-5; H, 65; N, 13-19%); light absorption : Maxima, 2250 
and 20804; © = 7,430 and 26.200. 3- Methyl-5 5-pentamethyleneh dantoin (II!) gave 3-methyl- 


5 : 5-pentamethylene-2 : 4-dithiohydantoin (XV), yellow prisms (from methanol), m. p. 191-—192° (46%) 
(Found : C, 50-5; H, 68; N, 13-4 50-5; H, 65; N, 13-1%); light absorption 


Maxima, 2250 and 20804.; ¢ « 6,690 and 100 tively. This compound was also obtained 
similarly from 3-methyl-5 : 5-pentamethylene-2- thiohydantorn Vil). 1: 3-Dimethyl-5 5-penta- 
methvlenchydantoin (IV) gave 1 3-dimethyl-5 : : 4-dithiohydantoin (XVII), long 
yellow needles (from ethanol), m 126° (26%) (Found : C, 52-5; H, 7-2; N, 124) oN Se 
C, 626; H, 70; N, t absorption Maxime, 2949 cod 2900 6,300 a 

ively. 

(F) 2-Aminoeth ivatives —5S : 5-Diphenyl-2 : 4-dithioh toin (XII) was boiled under 
reflux for § hour x 5 parts of 2-aminoethanol. Hydrogen sulphide was evolved, and after cooling 
the solid product was off. Recrystallisation from ethanol gave hydro viimino-5 
colourless crystals, m. p. 218° (60%) (Found : 63-8: H, 66: N, 194. 
C,,H,,ON,S, sH,O requires C, 63-8; , 5-05; N, 13-1%), obtained also 2-thio-4-methylthio-5 
diy yi-2 (XIV). In a similar manner 5 5-di yl-2-thiohydantoin (V), on 

juxing for 3 hours with aqueous 2-aminoethanol, gave 2-2'-hydroxyethylimino-5 
colourless prisms {from dimethylformamide), m. p. 298° (Found : C, 84; 59; N,143. C,,H,,O,N, 
requires C, 60-2; H, 5-75; N, 14-25%), also was obtained by te action of 2- solsclenmant on 4 keto-2- 
methylthio-5 5-diphenyl-4 : 5-<dihydroglyoxaline (VI). 4-Thio-2-methylthio-5 5-di yi-4 5-di- 
hydroglyoxaline (XVI) with aqueous 2-aminoethanol (15 minutes under reflux) gave 2-2’-Aydroryethyi- 
imano-5 colourless crystals (from aqueous ethanol), m. p. 239° (Found 
Cc, 60; H C,,H ires C, 65-6; H, 5-45; N, 13-56%). 2-Keto-4-methylthio- 
5: 5-dipheny!- 2: x! TY), on heating under reflux with aqueous 2-aminoethanol for 
15 minutes, an quantitative yield of 4-2’. vihydantown, 


( , 87-2; 
H, @2, N. wll, ONS requires C, 67-2; H,@2; N, 124%) nd dithcult to complete 
thos reaction, and in the isolation of the product it was best to extract it with excess of cold dilute hydro- 
chlorite ack, iter from unchanged starting material, and reprecipitate it with ammonia before 
tion. This compound, s of 20%, hydro- 
acid, was hydrolysed to 5 ~2-thiohydantoin (XI), coloariess needles 
m p. lee (Peed : G 53; N, Cale. for C,,H,ONS: C, 

) 


was obtained in 55% yield 
-methyl-5 ylene-2 4-dithiohydantoin (XIII) with aqueous 2- 


uct solidihed ling and trituration with ether, and crystallised from methanol ether 

in colour prisms, at 154-—150" and clearing at 174-—175" (Found, on material 
dried im at N, 16-5; on material dried at 140° for 4 hours. N, 17-8. 
SHO requires N, 15- ON,S N, 17-4%). The same compound was 
obtained in quantitative yield ‘by thea ; 5-pentamethylene-2 : 5- 
yoraline (XVIII) (1-15 with (06 g.) at 110-—-120° for 15 minutes. 
Hydrolys:s of this compound with boiling 20%, hydrochloric acid gave, in yield, I-methyl-5 5- 
pentamethylene-2-thiohydantoin (VIII), colourless needles (from aqueous methanol), m. p. 153° (cf. D). 
5. & pemtamethy m. p. 256° (decomp.), and 2-2’-hydroxyethylimino-5 tamethylene- 
hydantoin, m. p. 243", were by the action of 2-aminoethanol on the methylthio- 
derivatives, and were iden with the ucts described in Part Ll. 4-Thio-2-methyithio-5 : 5- 
5-dihydroghyoxaline (XV with 2- amincethanol at 110-..120° for 10 minutes, gave 
S-pemtamethylene 4 ydantoin, colourless prisms (from methanol), mp. 

(Found: C, 73; 183. requires C, 52-9, H, 7-5; This 
portent on treatment with methy! iodide and methanolic sodiam hydroxide as described in A, gave 
an on} (01%), which was not apparently consisted in the main of 4-methylthio-2-2’-hydroxy- 
5-pentamethylene-2 5-dihydroglyoxaline, since on acid hydrolysis it lost methanethiol 
and gave 2-2'-hydroxyethylimino-5 : 5-pentamethylenchydantoin, m. p. 243°, identical with that 
hee: above and in Part Il. The oily methylthio<lerivative was heated with 2-aminoethanol at 
130-140" for § hour. Methanethiol was evolved and the product was a water-soluble glass, which 
crystallised from methanol-ether to give 2: hydroxyethylimuno)-5 
small colourless prisms, m. p. 117-118" (Found: N, 21-5. C,sH,,O,N, requires N, 22.0%) ~ 
duct, too, was to 2-2. hydroxyethylimino-8 S-pentamet ylenchydantoin, m. p 
(G) Miseell @-Chiorodiphenylacetamide (5 g.) (Steinkopf, 

loc. ett.) was heated jo a por tube at 80—90" for 20 hours with a saturated solution of methylamine in 
benzene (50 cc). The contents of the tube were filtered from methylamine hydrochboride, evaporated 
to dryness, and eo from methanol to give a-methyl m. p. 191° (2-7 g., 


55%) (Found: N, 11-3. C,,H,,ON, requires 11-65%). This was recovered unchanged after being 
hace 1 


heated with carbon disaly e ethanol in a sealed tube at $0—90" for 20 hours 

5. —-To a solation of 5 5-diphenylthydantoin (6 in ethanol (50 c.c.) 
were added benzyl chiorde (3 g.) and a solution of sodium hydroxide in the minimum of water. 
mixture was heated under reflux for 17 hours and was red into water The solid product was 
filtered off and recrystallised from methanol to give 5 : 5-diphenyl-3-bensylaydantoin, m. p. 151° (5-7 g., 
70%) (Found: N, 7-9. requires N, 82%) 

—To a solution of 5 ; 5-diphenyl-3-benzylhydantoin (3-4 g.) 
in ethanol (50 o.c.) were added 20%, aqueous sodium hydroxide (2 c.c.) and methyl! sulphate (1-3 «.). 
The mixture was heated under reflux for 4 hours, cooled, and filtered. The filtrate was poured into 
water, and the oil which separated crystallised on storage. Recrystallisation from methanol gave 
m. p. 125° (15 42%) (Found 
requires N, 70%). Attempts to late this compound by hydrogenation in ution 

m-charcoal catalyst at 100° were unsuccessful; the starting material was recovered 


thylenehydantnn —a- Methylaminohexahydrobenzonitrile (42 ¢ ) was suspended 

in water (100 c.c.} and neutralised by the addition + 36%, hydrochloric acid. A solution of 
cyanate (27 ¢. in 4) cc. water) was added at 30-—35° with stirring, and the mixture was stirred for a 
further i hour. The wreide separated as an oil which crystallised, and was filtered off. A sam 
recryst methanol in colourless had m. 167—168° (Found: C, 59-9; H, 80: 
N, 230 ON, requires C, 50-7; H, 83; N, 23-2%). It was suspended in water (100 c.c.) with 
stirring, an we ydrochioric acid (40 ¢.c.) was added The solid went into solution and the uct 
separated The ' oe was heated to 80-90" on the steam-bath for 15 minutes to complete the 
reaction, and then cooled, and the prodwef (11) filtered off, washed with cold water, and recrystal 
from hot water as long needles, m p. 174° (20 g., 36%) (Found: C, 505; H, 76; N, 150. C,H,,0,N, 

5- Pentamethylene-2 | ~The light absorption of this compound (XII) showed 
al 2270 and 2970 and 5,540 and 26,200 respectively. 
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to Mr. G. Bratt Miss M. Smith for invaluable technical assistance. Microanalyses were carried out 
by Messrs. Weiler and Strauss, Oxford 

Cumsicat Inpustares Lro, 

Hexacon Hovss, 
Mancnester, (Received, October 11th, 1949.) 


Thiohydantoins. Part III. 


[1950] Birch: Hydroaromatic Steroid Hormones. Part I. 367 


80. Hydroaromatic Steroid Hormones. Part I. 10-Nortestosterone. 
By Agtuve J. Bincn. 


of 10-nortestosterone 


One of the chief difficulties associated with the synthesis of steroid hormones is the quaternary 
nature of the carbon atoms which carry the angular methy! groups. This difficulty has con- 
tributed to prevent the synthesis of the non-aromatic hormones containing two such groups, 
and there is no known method of introducing the 19-Me (cf. I) into the synthetic aromatic 
hormones such as (+ )-cestrone (ring a aromatic) to produce hydroaromatic compounds con- 
vertible into non-aromatic hormones such as testosterone. The only successful attempt on a 
model substance is that of Woodward (J. Amer. Chem. Soc., 1940, 62, 1208), but the reaction 
apparently failed with cestrone. 

With the increasing importance of steroid hormones, it seems necessary to examine more 
closely the structural requirements for physiological activity, in particular whether this is 
retained by compounds lacking the angular methyl groups and therefore available by the 
reduction of aromatic systems. (istrogenic activity is comparatively unspecific and is shown 
by compounds differing greatly in structure from the natura! hormones, but for the androgenic, 
progestational, and cortical hormones even slight changes in the space-distribution of groups 
are sufficient to depress or abolish activity. Evidence is, however, available in several cases 
that the 19-Me (between rings a and 8) is not absolutely essential for activity. Dirscherl, 
Kraus, and Voss (Z. physiol. Chem., 1936, 241, 1; cf. Schering-Kahibaum A.-G., BLP. 
423,287 /1935) reported the reduction of (+ )-cestrone to an octahydro-derivative (ring a fully 
reduced and hydroxyl in the 17-position) which is androgenic, and must be considered as the 
first synthetic compound with this activity; and Ehrenstein (J. Org. Chem., 1944, 9, 435) 

a 19-nord , which is, however, inactive. Neither of these last two 
products could be crystallised and they are probably mixtures of isomers. 

The 18-Me (between rings c and D) appears to be essential for high activity, at least with the 
cestrogenic hormones equilenin and oestrone, but this effect may be due merely to the fact that it 
prevents the (natural) trans-junction of rings c and p from assuming the more stable cis-con- 
figuration. The methyl! group can be replaced by ethyl! or »-propy! without great diminution in 
activity (Bachmann and Holmes, J]. Amer. Chem. Soc., 1940, 62, 2750). With two fused six- 
membered rings, the vans-junction is the more stable, and it is known that if ring D of the 
natural hormones is converted into a six-membered ring the compounds obtained are highly 
active (Goldberg and Wyndler, Helv. Chim. Acta, 1943, 26, 1142; Goldberg and Studer, sbid., 
1941, 24, 478), so it may be possible to omit the 18-Me in such cases. 

The synthetic approach to nor-steroid hormones has now been greatly simplified by Birch 
and Mukherji's method of reduction (Nature, 1949, 163, 766; /., 1949, 2351), by which an 
aryl glyceryl or an ary! 2-bydroxyethyl ether is reduced with sodium and an alcohol in liquid 
ammonia, and the dihydro-derivative so obtained hydrolysed to an unsaturated ketone. 

‘a ”<(Estradiol 1’-glycerol ether [I]; R CHyCH(OH)-CH,-OH] was thus reduced to (III), 


OH 


(IL) (iv) 

A This #y-unsaturated ketone has now been isomerised 
by ethanolic sodium ethoxide to the a$-unsaturated ketone (IV), which is a 10-nortestosterone. 
Although two stereoisomers are to be expected from the isomerisation, only one crystalline 
product (orientation at C,,»~H unknown) could be isolated (in 60% yield), the remainder being 
a gum. The constitution assigned to the compound is confirmed by its light absorption in 
ethanol, with a maximum at 2400-2415 a., ¢.,, 17,000, and a low-intensity band at 3075 a., 
tmax, 92°5. Dannenberg (Abhandl. preuss. Ahad. Wiss., 1939, 21, 3) gives for testosterone in 
ethanol a band at 2410 4., log ce... 4°20. 

The advantages of the reduction method are that ring a can be kept aromatic up to the last 
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stages, thus simplifying synthetic reactions on the other parts of the molecule; and that a 
eyclohexenone ring is produced which is characteristic of hormones such as testosterone, 
progesterone, cortisone, and corticosterone. It is possible in many cases to protect groups such 
as carbony! during the reduction (Birch, unpublished work). 

This work is being pursued with the object of making further hormone analogues from 
(+)-cestrone in order to see whether the expenditure of effort necessary for the complete 
synthesis of such nor-steroids is likely to be justified. 


EXPERIMENTAL. 

10- Nortestosterone (1V).—The method i 
and Mukher}i, joc. ott.) for the preparation of (111) 
dimactved in warm ethanol (30 cc.) and stirred into liquid ammonia (300 c.c.) 
rapidly added in small pieces with stirring and, after the reaction was complete, water (75 cc.) was 
to decompose the mixture. The ammonia was rapidly ev —— finally under reduced pressure, "aad 
= solution jast neutralised are the edditioa of hydrochloric acid, followed by sufficient acid to give a 

-actd solution. This sok was then shaken with ethyl acetate (30 ¢.c.), 
which eventually dissolved the gummy solid as bydrolyses proceeded. The ethyl acetate solution was 
washed with water, dried (N ),). and evaporated under reduced pressure. The residue was taken up 
in ethyl acetate (5 cc.) and chromatographed on alumina (cf. Birch and Mukherji, Joc. est.) in the same 
solvent. The eluate was divided arbitrarily into fractions until evaporation under reduced pres- 
eure gave a aon-crystallisable gum instead of a solid. The collected solid recrystallised from ethy! 
acetate as large flat prisms (215 mg.), m. p. 187-188", Ane 2720-—2040 51-4 (ethanol). This 
compound (111) (200 mg.) was dissolved in warm ethanol 10 «.c.) and added to a solution of sodium 
(15 me.) in ethanol (4cc¢c). The mixture was kept at 50° for 5 minutes under nitrogen. After acidifi- 
cation with a few drops of acetic acid the solvent was removed onder reduced pressure, and the residue 
washed with water, taken up in ethy! acetate (5 c.c.), and chromatographed on alumina (cf. Birch and 
Mukher}i, loc. ct.) om the same solvent. The first fractions crystallised on removal of the solvent, and 
10-nortestosterome (1V) was crystallised from light petroleum (b. p. 60-—80°) containing a few drops of 
ethyl acetate, as large colourless prisms (120 m. p. LET": Ages, 2400-2415 a, 17,000; Anes 
BOTS teas, 92-5 (ethanol) (Pound: C, 78-5 93. requires C, 78-8; 
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Society. The author is eratefol to Professor Sir Robert Robinson, P_R.S., for a gift of (+ )-cestrone, to 


Professer A. R. Todd, F.RS., for the hospitality of his laboratory, and to Dr. R. N. Haszeldine for the 
absorption spectra 
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81. Decomposition df Chromic Acid in Bulpheric Acid. The 
First-order Thermal Reaction. 


By Exnest E. 


The thermal decomposition of chromic acid in sulphuric acid between 140° and 170° has been 
studied. In concentrated solution the reaction is complex, but in §$1:6% sulphuric acid and 
with concentrations of solute <006n. a reaction of first order with respect to chromic acid 
occurs with an activation energy of 10-3 + 0-5 keals. At high acid concentrations chromic 
sulphate inhibits the decomposition, but its effect decreases as the sulphuric acid concentration 
falls and disappears in about 82% sulphuric acid In more dilute acid chromic sulphate slightly 
catalyses the decomposition of chromic acid. The effect of stirring on the reaction has been 
examined 


Tue stability of chromic acid in hot sulphuric acid is of interest because these solutions are 
used in the determination of such oxidisable vapours as ether (¢.g.. Schaffer and Ronzoni, /. 
Biol, Chem., Balt.more, 1923, 57, 741). Snethlage’s work (Rec. Trav. chim., 1936, 55, 712, 874) 
with unstirred (ride mfra) sulphuric acid at 138°, and fuming acid at 100°, was believed te show 
that two reactions occur (in the main simultaneously) : (i) a reaction of first order with respect 
to chromic acid, with a velocity coefficient rising with increasing sulphuric acid concentration 
up to 99%, and thereafter much more rapidly, and (ii) a reaction of second order with respect to 
chromic acid, with a velocity coefficient rising with the sulphuric acid content up to a con- 
centration of 81%, and then falling as the concentration rose to 99%. Chromic sulphate, 
prepared by reducing chromic acid in sulphuric acid with mannitol or salicylic acid, was found 
to catalyse the decomposition of chromic acid, the effect decreasing as the concentration of the 
sulphuric acid was increased and becoming negative in sulphuric acid stronger than 95%. 

The speed of decomposition at 138°, even in the most favourable concentrations of acid is 
not high. Snethlage followed the quickest reaction only to 50% and the slower reactions to less 
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than about 15%. In the present work, with 0010—0°702n-chromic acid, higher temperatures 
(140—170°) were employed, thus enabling the reac Lion to be followed nearly to completion. 


EXPERIMENTAL. 


shaking the solid with su ebal portions the mixtures aside for 
24 hours. and Aker them sintered glass. 25-M Hysil, 


ela stirrer Precaution was taken to prevent access of dust or other contaminants, and it was shown 
t there was no ble change in the moisture content during the heating which was by a 

bath of liquid maintained within +0-2° of the desired temperature. For a determination 
Gash wan sealed to belling enter, followed by cold water, and its contents washed into excess of water 
and titrated with standard ferrous and permanganate solutions. 

Table | establishes that equivalent solutions of potassium dichromate, ammonium dichromate, and 
chromic acid in sulphuric acid behave identically, mably as a complex — chromic acid, 
and since pure potassium dichromate ts readily a ble it was used throughou 
is without measurable influence : an excess of the 
0-06 -potassium dichromate in 99-05% sulphuric acid by only 1-6%. 


Taste I. 
Percentage losses in one hour in 99°15%, H,SO, at 160°. 


An effect on the course of the reaction which been observed is that of 
In solutions of lower concentrations the rate of increased as much as 27% by 


Fis. 1. Fis. 2. 
T T 


i 
: 
§ 


2 4 6 4 ” 
H,SO, concentration. Time (hours), t. 


0-05~-CrO, in 81-5% H,SO, at 170°. 


means, but in concentrated solutions (about 0-7s.) the rates in stirred and in unstirred sclutions are 
identical. Both conditions yielded reproducible results. Since precautions were always taken to 
see that a solution was at the required temperature before timing a run, the difference cannot be a result 
of the unstirred mixtures not being at the temperatures of the paraffin bath, the low thermal) conductivity, 
or the lack of convection in the system. The acceleration is not affected by oxygen because, when the 
solution is agitated by a stream of ted onyqea. admittedly less eflectively than by the stirrer, a 
20-1% increase was recorded in a 0- solution of potassium dichromate in 99% sulphuric acid. This 
suagests that the reaction is not eae by molecular oxygen. Nor was it due to increased contact 
— the surface since a 20-fold increase in the glass surface was without influence on the reaction, which 

Snethlage used unstirred solutions; the results reported in this work were 
in stirred solutions. 


Figure 1 shows the initial percentage losses, per hour, of chromic acid in es acid of different 

strengths at 160°, for six concentrations of solute. Clearly in more concentrated otc 

acid the reaction is compien ond scaches in 000% At a solute 
BB 


Normality of solution. K,Cr,0,. (NH,),Cr,0,. cro, 
0-010 18-0 1748 179 
0-025 17-7 179 
0-100 i179 180 183 
0-150 175 18-2 185 
0-250 18-0 18-5 18-8 
0-400 18-6 18-9 191 
80 
04008. 
1 
: 
p~ond ile 
0-010-0-050 N. 


concentration of <0-Im., the initial speed falis 
at concentrations less than 0-06m. the i 
concentrations. In acid solutions 
entage losses are identical for al 
position is so rapid that accurate measurement is difficult. 


10)(000 ~ +) eating seconds, and s the percentage loss of 


Taste Il. 
Heating periods (160°) in hours. Values of Ax 10. 90-15% H,SO,. 


Normality. 2hr. 4 hr. 
0-150 4530 (3-43 
0-400 4860417 
0-702 547 4-86 


This fall in speed is due to chromic of and 
results can be obtained by using added chromic > Table [11 gives (a) the percentage losses o! 
in the first hour at 160° in @ 0-025s-chromic acid solution in 99-15% sulphuric acid to which different 
amounts of chromic sulphate (prepared by reducing chromic 
dioxide) were added and, for comparison, (6) the calculated percentage losses in solutions containing the 
decomposition product Cr,(SO,), equal in concentration to that added in (a). 


Taste Iil. 


ratio Cr,(SO,),/CrO,. 0-025n-CrO, in 99-15% H,SO, at 160°. 
r= O56. ra r= 10. 2-3. 


(a) (b) @) (a) (a) 
77 «190 «61800 (1360120 o4 93 o2 0 


tration limit to this effect, . 1x (SO), : oe, The poisoning effect falls as the sulphuric acid 
concentration falls and it dies isappears in about 82% acid. Below this acid concentration, chromic 

> sulphate has a slight catalytic « Thus, at 160° in a 6-06n-CrO,- 80% H,SO, solution with r = 4,48 

10% increase in the decomposition in one hour was observed. 

’ forking with $1-5% acid and using concentrations of solute <0-06n. it was shown that within these 
narrow limits the reaction obeys reasonably well a kinetic equation of the first order with to 
dichromate, as is shown by (i) the constant values of & at all temperatures (Table IV), (i) Fig. which 
shows a typical set of these results plotted as (¢) concent st time and (6) log [a/(¢ — #)) 
against time, and (iii) Table V which gives the times of one-fifth conversion for the same set of results. 


Taste IV. 
Values of k x 108 in 81°56% H,SO,. 
Heating periods in hours. 


2. 
36 
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son and 
all acid 
initial 
id the 
heating 
chromic 
Normality Ihr 2hr. Shr Shr. 16 br. 
0-025 541 406 395 351 3.15 2564 
0-050 561 6480 378 346 347 
0075 544 432 -- 
a «648 445) 
| 
Temp. Normality of solution. 3 5. 
j im” 0-050 3 38 39 39 
} 0-025 3 37 36 37 
o-010 3 36 35 38 
165 0-050 29 28 26 
2 30 29 27 
™ 0-010 3 30 27 2-7 | 
160 0-080 2 2-2 21 20 
0-025 2 23 2 2-1 
0-010 2 21 2-2 20 
155 0-050 1 16 14 15 
ours 16 17 146 
i 14 146 14 
150 1 12 10 
12 13 12 
1 13 12 13 
Taste V. 
Conen., % ....... 100 80 60 40 
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From these results the plots of logy, 4 1/T gives a straight line from which an Arrhenius 
activation energy of 10-3 + 0-5 kcals. is 

Analysis of the results shows that the thermal decomposition of chromic acid in su 
complex in all solutions (except those within the narrow concentration limits of 81-5% sul; 
solute concentration less than 0-06n. ) and cannot be adequately 
on a first-order reaction. 


vst. These of Snethlage who found chromic 


Cuemistey Laboratories, 
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82. Anhydrides of Polyhydric Alcohols. Part XIII. The Amino- 
derivatives of 1 : 4-3 : 6-Dianhydro-manniiol, -sorbitol, and -.-iditol, 
and their Behaviour towards Nitrous Acid, 

By V. G. Basurorp and L. F. Wiactns. 


The behaviour of 2: 5-diamino-1 : 4-3 : 6-dianhydro-2 : 5-did itol and -sorbitol 
towards nitrous acid has been in ted. It has been found that in both cases the 
uct isolated was | : 4-3 : 6-dianh L-iditol, the formation of which must have invol 
alden inversion at Cy and and tespectively, The similarity between this 
and that occurring w 2:43: imethylene p-gluco- and -D-manno-saccharic 
is —_ the t of the t Iph 
ps S-ditoluene-p-sulphony! 1: 4-3 : 6-dianydro-mannitol and -sorbitol 
smoothly with the formation of the corresponding diamines 


the 2: 


In view of the interesting facts that have come to light during study of the deamination of 
amino-derivatives of partly substituted sugar derivatives containing hydroxy! groups situated 
trans to the amino-groups (Wiggins, Nature, 1946, 157, 300) it was held worth while to 
investigate the deamination of the diamino-derivatives of the | : 4-3: 6-dianhydrides of the 
epimerically related hexitols, p-mannitol, p-sorbitol, and L-iditol in which no free hydroxyl 
groups exist. A preliminary account of this work has already appeared (Bashford and Wiggins, 
Nature, 1949, 164, 573). The deamination of amino-sugars such as 4 : 6-benzylidene 3-amino- 
a-methy!-3-deoxyaltroside led to the formation of ethylene oxide anhydro-rings, this particular 
amine giving 4: 6-benzylidene 2: 3-anhydro-a-methylmannoside. The same phenomenon 
has been observed not only with appropriate glycoside derivatives, but also with those of 
1 : 6-anhydro-sugars and sugar alcohols (Bashford and Wiggins, forthcoming publication), 

If 2: 5-diamino-dianhydro-2 : 5-dideoxyhexitols were deaminated, no such anhydro-ring 
formation could take place. Deamination of these substances might be expected to occur 
without Walden inversion, by analogy with the behaviour, towards alkaline reagents, of 

p-sulphony! derivatives of sugars which contain no free hydroxy! group, or no hydroxyl 

group situated trans to the toluene-p-sulphonyloxy residue. Thus, 3-toluene-p-sulphonyl 
1: 2-5 : 6-dissopropylidene glucose (1) was hydrolysed by alkaline reagents without Walden 
inversion, to give diisopropylidene glucose (II). This contrasts with behaviour of compounds 
such as 2-toluene-p-sulphonyl 4 : 6-benzylidene a-methylglucoside (III), the alkaline hydrolysis 
3-anbydro- 


of which is accompanied by Walden inversion; for from (III), 4: 6-benzylidene 2 : 
3 (Vv; 


product was also isolated after similar treatment of 2 : 6-diamino-l : 4-3 


was formed which on the basis of its physical and chemical! properties and. as a result of scale- 
model studies, is 
anhydro-mannitol, (V; R = OH) and -sorbitol (VI; R = OH) respectively, especially since 
deamination of 4: 6-benzylidene 3-amino-a-methy!l-3-deoxyaltroside (V11) follows the same 
course as alkaline hydrolysis of 2-toluene-p-sulphony! 4 : 6-benzylidene o-methylglucoside and 
gives rise to 4:6-benzylidene 2: 3-anhydro-a-methylmannoside (IV). When, however, 
2: 5-diamino-1 : 4-3 : 6-dianhydro-2 : 5-dideoxymannitol was treated with sodium nitrite in acid 
solution and the liquid product treated with methanesulphony! chloride, the dimethanesulphon- 
~ obtained. This 


dideoxysorbitol. Although in neither case was any other dianhydrohexitol derivative isolated, 
the small yield of the .-iditol derivative indicated that it was not the only product. The fact that 


Inhonvi ) 
» 


an L-iditol derivative has been obtained from both diamino-dianhydrodi yhexitols means 
that the deamination has been accompanied by Walden inversion, in the case of sorbitol at Cis, 
and in that of mannitol at both C,,, and C,,. This is explicable since deamination must involve 
the transitory formation of the carbonium cation (VIII) and this, on hydroxylation may take 
up the configuration of p-mannitol, p-sorbitol, or L-iditol. That in fact it takes up that of 
L-iditol to the apparent exclusion of the other two seems to indicate a configurational stability 
peculiar to this hexitol. The behaviour of the diamino-dianhydrohexitols towards deamination 
is in marked contrast to the alkaline hydrolysis of 3-toluene-p-sulphony! ditsopropylidene 
glucose, where Walden inversion, although possible because of the likelihood of the transitory 
formation of a carbonium cation (at C,,.), does not take place. 

This conversion of dianhydro-mannitol and -sorbitol into the corresponding derivative of 
t-iditol is paralleled by the epimerisation of 2: 4-3: 5-dimethylene p-manno- and p-gluco- 
saccharic acid. When a solution of the dimethy! ester of cither of these acids is boiled with 
barium hydroxide solution, epimerisation occurs with the formation of 2 : 4-3 : 5-dimethylene 
t-ido-saccharic acid (IX) (Haworth, Jones, Stacey, and Wiggins, J., 1944, 61). In this case, 


H 
(IX) 
‘OH 


however, the ready isolation of dimethylene t-idosaccharic acid may be caused merely by the 
ease with which this substance crystallises or to its lower solubility In fact the alkaline 

hydrolysis of dimethyl! dimethylene p-glucosaccharate did afford some dimethylene p-gluco- 
saccharic acid as weil as the t-idosaccharic acid derivative. On the other hand, similar 
treatment of the corresponding mannosaccharic acid derivative gave only (IX). 

Another example of the conversion of 1: 4-3: 6-dianhydro-mannitol and -sorbitol into 
dianhydro-t-idito!l is given by Fletcher and Goepp (J. Amer. Chem. Soc., 1946, 68, 939), who 
treated cach of these derivatives with Raney nickel and then hydrogenated them in the presence 
of that catalyst. Again dianhydro-t-iditol was the only product isolated in quantity. Lew, 
Wolfrom, and Goepp (J. Amer. Chem. Soc., 1945, 67, 1865) however claim to have demonstrated 
the presence of all three dianhydrides in the reaction product, by chromatographic methods. 


372 Bashford and Wiggins : 
re 
-H 
a) 
on 
‘ 
it 
PacH—O—CH, PuCH—O—CH, 
H OTs HN 
(VIL) 
H, H, 
RH | | | 
——¢-H 
H 
wv) (VL) 
(Ts = toluene 
H 4 
; HN 


Dianhydr mannii 
Dranaydro- 
Dranhkydro aditel 


1-43 6-dianhydro-2 (inverted to show the 
boidge) 


(2) 
= (4) 
143.6 
(2) 1:43.64 
q 
Te face p. 373. 
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In order to test whether the deamination of 2 ; 5-diamino-1 : 4-3 : 6-dianhydro-2 : 5- 
dideoxy-t-iditol would lead solely to the formation of dianhydro-t-iditol the attempt was 
made to prepare this diamine. 1 : 4-3 ; 6-Dianhydro-1-iditol was converted into the 2 : 5-di- 
toluene-p-sulphonate and this treated with methyl-alcoholic ammonia in the manner found 
successful for the preparation of the diamines of dianhydro-mannitol and -sorbitol (Montgomery 
and Wiggins, /., 1946, 393). No diamine was obtained however; instead a substance having 
only one nitrogen atom per six carbon atoms was isolated. This was a base, C,H,O,N, which 
had m. p. 99—100°, {a}, +90°5°, and formed a crystalline ovalaie, picrate, and 
It gave no Schiff base with salicylaldehyde ; it lost no nitrogen on treatment with nitrous acid, 
but afforded a crystalline N-nitroso-derivative giving the characteristic Liebermann colour 
reaction with phenol and sulphuric acid. The compound C,H,O,N is therefore a dianhydro- 
hexitol containing a secondary amino-group, and the only way in which this can be reconciled 
with the analytical data of the compound and its derivatives is to assume the formation of an 
imine bridge between C,, and C4. An immediate difficulty arises as scale models show that it 
is impossible so to join Cy, to Cy», of the 1: 4-3: 6-dianhydro-1-iditol. The imino-compound 
C,H,O,N must therefore possess a different configuration. Since the reaction conditions 

ional changes about C,,, and C,,, are certainly possible because the 

Iphonyloxy-groups by alkaline reagents must involve the transitory 

formation of the carbonium cation (VIII). From scale models of the three epimerically 

related | : 4-3 : 6-dianhydrohexitols (shown in the figure) it is clear that the only one in which 

Cy, and Cy, could be bridged by an imine group is 1 : 4-3: 6-dianhydro-p-mannitol. Hence 

it is tentatively suggested that the compound C,H,O,N obtained by the action of ammonia on 

2 : 5-di-toluene-p-sulphonyl : 4-3 : 6-dianhydro-1-iditol is 2 : 5-imsino-1 4-3 6-dianhydro-2 5- 
dideoxry-D-mannitol (X). 


EXPERIMENTAL, 


Deamination of 2: 5-Diamino-1 4-3: 6-dianhydro-2 : 5-dideoxy sorbitol — The diamine (3-95 prepared 

to Montgomery and Wiggins /., 1946, tn with 
dilute hydrochloric acid. Sodium nitrite (4-5 g.) dissolved in water (25 c.c.) was then added and the 
mixture kept —— Thereafter the solution was neutralised with barium carbonate, filtered, and 


evaporated to ey under reduced pressure. The dry residue was extracted exhaustively with hot 
the 


ethy! acetate, a — were evaporated to a syrup (1-68 g.). This distilled at 115—130° (bath 
tem erature) /0-0S mm asal + 467° (¢, 19 im acetone), A jon (0-9 g. 
of this distillate was pyridine (15 c.c.), and methanesulphony! chloride (1-6 c.c.) 

at o. After being kept o ht at room temperature, the mixture was poured into water and 
extracted therefrom with ater m. The chloroform extract was washed successively with dilute 


ic acid, sod hydrogen carbonate solution, and with water, dried (MgSO,), filtered a eye 
evaporated to dryness. The residue, crystallised and recrystallised from alcohol, gave needles of 

2: 5-dimethanesulphony! | : 4-3: 6-dianhydro-t-iditol, m. p. 156-5° alone or on admixture with 
authentic material, and had [a}p +48-0° (c, 2-1 in acetone). Further crops of crystals were obtained 
from the — uors but no other pure substance could be isolated 

Deamination 2: 6-Diamino-1 : 43: 6-d : S-dideoxymannitol —The diamine 

c.c.), and treated with sodium nitrite (1-3 g.). The solution was overnight at room te ture 
and worked up as above. The resultant syrup distilled at 175-180" (bath tem ture) 0-001 mm. 
By repetitions 3-52 g. of the distillate were accumulated. This was treated in ry pyridine (40 ¢.c.) 
with methanesul; chioride (9-33 c.c.) at 0°, the was higt 
overnight and poured into water (300 cc). A solid (0-76 g.) was deposited and after being 
recrystallised from methyl alcohol had m. p. 156—-157° alone or on admixture with 2 : 5-dimethane- 
sulphonyl 1: 4-3: 6-dianhydro-t-iditol, and [e)p +480" (c, 2-1 in acetone). For the isomers of this 
product see emupene and Wiegine 1948, 2204) and Bashford and Wiggins (/., 1948, 200) 

2 : 5-Dttoluene-p- Dranhydro-t- sditol.- —To I: +3: 6-dianhydro- ‘L-iditol 73 
Wiggins, /., 1948, in aah chloride (50 ¢.) was little 
at atime at 0°. The mixture was kept at room temperature for 52 hours and thereafter red into 
water. The solid which — was filtered off, washed, and dried ; nee oe from ethyl alcohol 
2 5-ditoluene-p-sulphow (44 formed p. 90°, fa» 
(e, 2-0, in chloroform) C 0,5, requires C, 52-8; 

Reaction of 2 5-Ds-toluene- hey 1:4-3:6- L-tdifol with Methyl Ammoma — 
The compound (42 g.) was mixed with methyl! alcoho! (900 c.c.), saturated at 0° with dry ammonia 

, and heated in an autoclave ‘or #) oe ak at 160170". Thereafter the solution was evaporated to 
. and the residue heated at 100° with bariam ——— (50 g.) in water (400 cc.) (this and all 
uent operations were carried out in an atmosphere of nitrogen). The solution was then evaporated 
to a syrup under reduced re, the water being completely removed distillation with benzene. 
The teasdue was extracted several times with ng chloroform, and combined extracts were 
and evaporated to dryness. The residue, recrystallised from ethyl acetate, formed 
m. p. = {alp 2-56 in chloroform) (2-0 ¢.). This substance was very volatile 


374 Schonberg, Latif, Moubasher, and Awad : 


sublimed, and it is probable that a large amount of the material was 
Ind got fort a Schutt take with and trace of S-iminmo-l 4-3: 


Pound: C, 664; N. 107%; M (Rast), 136-5. 
requires ©, 66-4; H, 7-1; 11-0%; Mf, 127), The imine (0-06 §) was dissolved in alcohol (2 ¢  ) and 
which formed needics (0-11 m p. 219-220" (decomp) (Found: N, 163. 
«fequires 15-8 The imine (0-07 was in chloroform (4<), and the solution 
dry fter a few seconds a white ipitate 
ised from alcoho! trace of water, m 
ound: C, 441; 60; N, requires C, 443; H, 61; 
wivalent emoust of oxalic acid also 
A white solid separated. The mixture was heated to the b. p.. and water added drop b until com 
dissolution was effected the oxalate separated , it had m. p. 243° ( C, 48-6; 
CyHyO WN, requires C, 46-6; 581%) 

The mother-liquors after the te separation the smino<compound were concentrated and dite in 
twe portions; b. 100° (bath mm. (03 g.), and (6) b 120140" (bath 
ature) /O-l mm. (1-62¢.). Fraction (a) yielded a farther amount of 2: 5-imino-| : 4-3 : 6-dianh 

2: ideoxy-D-mannitol, but fraction (5) was a liquid 
N-Nitroso-deriwative of 2 4-3 5-dsdeory-D-mannitol The imine i 
was dissolved in water, acidified with acetic acid, nitrite (0-5 g.) 


dryness, 
residue extracted with hot ethyl acetate. being evapora 


stallised trom ethyl! acetate, furnished the N-nitroso-derivative, m. p. 121-5*, 
), which gave the characteristic Liebermann test for NV mp 


The authors acknowledge with gratitude the support of the Colonial Products Research Council 
during this investigation. 
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83. Photochemical Reactions. Part XV. (a) Photopolymerisation of 
Coumarins and Related Substances. (b) Photo-addition and -reduction 
Processes of Aromatic Ketones. 


By Atexanper Nazim Latir, Rapwan Movpaswer, and (in part) 
Awan. 


(a) 3-Phenyleoumarin form hotod to that from coumarin; the con- 
stitutwon of the latter Photodimers of 3-pheny! i 
and benzylidenephthalide were obtained (cf. IV and III). These dimers gave the monomers 


thylphenanth with stilbene and from th with 

1 Se 3. nyl- and 3- 1: 3-diphenylsso- 
chromen, the photo-products (V), (VI), (VIII), (V1), and (IX) respectively were obtained 

o- Dibenzoylbenzene in + yl alcohol yielded. a photoproduct which, when heated, gave 
Phenanthraquinone monoxime and monoimine on photo- 
reduction yielded diphenanthro-oxazine (XIII); with aromatic aldehydes in the presence of light 
the oxime yiekled products which gave 2-arylphenanthro-oxazoles (X) on heating. 

In connection with the constitution of the photoreduction product of triketoindane (XIV) 
the constitution of a substance erroneously described (Gabriel and Leupold, Ber., 1898, $1, 1159) 
as (XVII) is proved to be 


Photopolymerisations.(a) Coumarins. Formule (la) and (I1) have been discussed for the 
product obtained when a solution of coumarin in alcohol or a suspension of the solid in water is 
exposed to sunlight (Ciamician and Silber, Ber., 1902, 36, 4130; 1903, 36, 4266; De Jong, Ree. 
Trav. chim., 1924, 48,318). Formula (11) is still widely used (cf. Richter and Anschiitz, “ Chemie 
der Kohlenatofiverbindungen,” Vol. Il, 2nd half, p. 515, 12th edn., 1935). Fischer has given 
to the photodimer of umbelliferone methyl! ether a formula analogous to (II) (Arch. Pharm., 
1941, 279, 306), but its correctness was questioned by Wessely and Flaichinger (Ber., 1942, 75, 
971). 

Photodimerisation of coumarin and its derivatives with the formation of (II) or its analogues 
is possible only when the hydrogen in the position 3 is unsubstituted. We found, however, that 
$-phenylcoumarin in sunlight is easily converted in excellent yield into a similar photodimer ; 
therefore, the dimers must be cyclobutane derivatives (I), a conception which is favoured by 


34 
ound 
whe a tox 
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regeneration of the monomer when the photodimer of coumarin or of 3-phenylcoumarin is 


(1; a. Re H; 6, R « Ph) (il) vy) 


(b) Benzylidenephthalide and 3-phenyii 
dimers and IV, ender the 


“ot sunlight; 


R’ Ph. 1; Re H) 
wh R R = Ph) 
Photoaddition Reactions.— We have continued the investigations on the action of 
quinone on ethylenes (Schénberg, Mustafa, and their co-workers, J., 1044, 387; 1046, 561; 
1948, 2126) and have studied the action of 2 : 7-dimethylphe on stilbene and 
of ph thraqui on 1 : 2-di-4’-pyridylethylene, 3: ¢-dipheny!- and 3-phenyl-tsecoumarin, 
and 1: 3-diphenylisochromen. In all cases colourless or almost colourless addition products 


(V)—(LX) were obtained, some of which, ¢.g., (VII) and (VIII), regenerated the starting materials 
when heated. 


Monoxime and Aromatic Aldehydes.—The oxime and benzaldehyde do 
not seact in bensene in the dork; in sunlight, however, a product was formed which on heating 
yielded 2-pheny!phenanthro-ozazole (X ; R = Ph); in the case of anisaldehyde 2-p-methosy- 
phenyiph 0 le (X; Re = C,H,OMe-p) was obtained. These reactions are similar 
to the photo-formation of 2-ary! les by the action of aromatic aldehydes on 
phenanthraq ei ond 1945, 197). 


CPh 


cfm 


Photoreductions,—Very little is known about the photoreduction of o-diketones, o-quinone 
oximes or imines, When o-dibenzoylbenzene was exposed to sunlight in isopropyl alcohol, a 
yellow crystalline product was obtained which, when heated, gave | : 3-diphenylisobenzofuran 
(XI) in good yield. Phenanthraquinone monoxime or imine (X11) in isopropy! alcohol in sunlight 
gave diph th ine (XIII) in good yield, by way of 


it was shown (Schénberg and Moubasher, /., 1944, 366) that when triketoindane 
(XIV) in isopropy! alcohol was exposed to sunlight and the reaction product crystallised from a 
mixture containing water, a compound known as hydrindantin was formed, which previously 
had been obtained by Ruhemann (/., 1911, 99, 797) by reduction of ninhydrin (the hydrate of 


heated. 
ese substances form photo- 
“ 4 
‘o 
— 
a LA 
x 
(MXIT) 


XIV) in the absence of light. Ruhemann believed that hydrindantin was (XV + 2H,0), but 
recently Sch4nberg and Moubasher (/., 1949, 212) showed that the reactions of this compound 
do not accord with (XV + 2H,O), bat do accord with (XVIII). However, there was one obstacle 
to the new formula: Gabriel and Leupold (loc. cit.) described a deep-yellow compound obtained 


a 


‘ K MH, 
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(AV) (XVI; Re H) 
Ro OH) 


HO, 


CHS 
OM HONS 
OH 
(XVITL) 


by the action of alkaline hydrogen peroxide on the violet bisindane-1 ; 3-dionyl. This yellow 
compound for which Gabriel and Leupold advanced formula (XVII) cannot be transformed into 
hydrindantin by the action of water. For the violet compound Gabriel and Leupold erroneously 
advanced formula (XVI); it has in reality formula (XIX) (cf. Schénberg and Moubasher, /., 
1944. 306). 

Gabriel and Leupold’s oxidation scheme (XVI) —~—> (XVII) has to be replaced by (XIX) —> 
(XX) (XXII). Formala (XX1) but not (XVII) is in agreement with the deep-yellow colour 
of the compound and its solubility in sodium hydrogen carbonate solution with evolution of 
carbon dioxide and its vigorous reaction with diazomethane. o-(1 ; 3-Diketoindanyl- 
2-glyoxyloy!)benzoic acid (XX1) on pyrolysis yields indane-1 : 3-dione-2-spiro-2’-(1" 3’ 4’-tri- 
keto-1': 2’: 3°: 4"-tetrahydronaphthalene) (XXII) (cf. Radulescu, Zenfr., 1923, ITI, 1081). 

If formula (XVI) were correct, then, on heating, (XVII) should decompose according to the 


scheme jn >CO + H,C< (ef. Schénberg and Mustafa, 1944, 305). 


Formula (XX1) explains readily the nature of the product actually obtained by pyrolysis, 
namely (XXI11i). The hypothetical change (XVII) ——> (XXII) can take place only in con- 
sequence of a pinacolin rearrangement ; however, such rearrangement is not effected by pyrolysis 
alone, but by heating the pinacols with acids, etc. 


On 
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du 
(XX) 
2 2 2 
CHC C,H, 
con 
(XXI XXII 


Acid hydrolysis of (XXI) yields phthalonic acid (XXIII) and 2-(3-ketoindan-1-ylidene)- 
indane-1 : 3-dione (XXV), which is believed to be formed from the primary product (indane- 
1: 3-clione) (XXIV) by autocondensation (cf. Wislicenus and Kétzle, Annalen, 1889, 252, 79). 
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EXPERIMENTAL. 


Ciamician and Silber, Ber., 1914, €7, 642). Powdered coumaria 
solid was filtered off, dried, and extracted several times with 
) (ea. lo 
Woe puatetinet sae heated under water-pump vacuum at 200° (bath) in a Pyrex test-tube for 1 hour. 
of coumarin (m. p. and mixed m. p.) which accumulated of the 
solidified after bei lowed to cool in a vacuum. 
(25 ¢.c.) was exposed to sunlight during Oc Crystals separa’ 
were washed with ether. A further quantity of the crude photodimer was obtained on concen entration 
of the benzene filtrate, addition of a few drops of ether, lan p Dung. product was dissolved 
in the least amount of hot ay pol and left to 
few drops of ether were added. 1b) slowly separa 
242° (ca. 90%) (Found: C, 61-1; C. Bll; 
Thermal decom ty beating the materia for 1 hour in a 
ethy! phthalate ba marin (m. p. and mixed m. 
at the upper parts of the reaction vessel on cooling in a vacuum and were recrystallised from 
yi alcohol 
3-Phenylisocoumarin. 3-Phenylisocoumarin (1 1885, 18, 2445) in benzene | 
several times with ether further quantity of the crude product was obtained on av) comet 
the benzene filtrate and allowing it to cool slow to room temperature. The photodimer ee ed 
lised from benzene in colourless crystals, m. p. * (yield almost quantitative) (Found; C, 80-7 47 
requires C, 81-1; H, 45%). 
imer was heated as previously at 300° for 30 minutes and then left to cool in a 
vacuum, cy the crystals of 3- perce sonaind ows (m. p. and mixed m. p.), which formed on the upper 
parts of the vessel, recrystallised from dilute alcohol. 
Bensylidenephthalide. Benzylidenephthalide (ca. 1-5 g.) (Gabriel, Synth. Vol. XIII, 10) in 
benzene (25 c.c.) were exposed to sunlight for 10 days (January). The small amount of colourless 
which separated was filtered off. The benzene filtrate was concentrated, left to cool slowly, and, while 
still warm treated with a few drops of — On ray =. in ice, a colourless crystalline coli separated 
out, having m. p. ca. 206°. For th benzene— 
on. m. Found 81-6; H, 43%; M (Rast), 507. requires 
81-1 45 
The photodimer was heated at 260° for 40 minutes under reduced pressure. Oily drops of benzyl- 
slid on (m. p. and mixed m. p.) which accumulated on the upper parts of the reaction vessel 
on cooling slowly under reduced | pressure. a were recrystallised from benzene 
hotoreactions.—2 : 7-Dimethylph stilbene. 2: 7-Dimethylphenanthraquinone 
ote ) (Lieberman, Ber., 1911, rw 1453) and { stilbene San ) in benzene (20 c.c.) were exposed to sunlight 
one week in a. The benzene solution was then filtered and concentrated almost to dryness, and 
a smal! amount of hot acetone was added, followed by a few drops of methy! alcohol. A yellow solid 
separated on cooling (in the ice-chest) and was recrystallised from xylene. The addition product (V) 
formed almost colourless crystals which decomposed at about 258° to an orange-brown melt. It gave no 
colour with cold concentrated sulphuric acid, but on gentle warming a violet colour was observed (Found : 
C, 860; H, 5-3. requires C, 86-5; H, 57%). 
Phena and 1: Phenan 1 mol), and 1: 3-di- 


thraquinone 
«pyrudylethylene (1 (1 mol.) in benzene (30 c.c.) were exposed to sunlight in November. After 7 days, 
the crystals which separated were filtered off and washed with hot acetone, in which the initial com- 
ts were soluble. The colouless residue of the adduct (VI) obtained was washed with 56% sodium 
roxide solution, then with alcohol, and lastly with ether, and decom at ca. 187° to an orange 
melt (Found: C, 70-4; H, 46; N, 7-7. 800; H, 46; N, 7-2 


%). 
Phenanthraquinone and 4-diphenylisocoumarin anthra winone (0-7 and 3: 4-dipheny!l- 
fisocoumarin (1 g.) (Koelsch and Le Claire, ]. Amer. Chem. Soc., 1 , 5, 754) were exposed to sunlight 
in benzene (50 c.c.) for 20 days (December). The benzene solution was filtered, concentrated, and left 
to cool slowly, almost colourless crystals of the addition product (VIII) separating. These recrystallised 
from benzene in colourless crystals which decomposed at ca. 267° to a reddish brown melt. They 
ave no colour reaction with concentrated sulphuric acid, and were insoluble in cold or warm sodium 
solution (ca. 5%) (Found; C, 83-1; HM, 47, requires C, 83-0; H, 43%) 
(VILL) was heated ander reduced pressure (water-pump = ben at B00" (bath temperature) for 15 
minutes in a test tube and then allowed to cool in a vacuum, The crystals formed on the upper 
of the reaction vessel were extracted with cold benzene, the benzene extract was evaporated to dryness, 
and the residue dissolved in the least amount of hot methyl alcohol hee allowed to cool slowly. The 
crystals which separated proved to be 3: 4-diphenylisocoumarin. tals be left undissolved 
after benzene extraction were recrystallised from 
(m. p. and mixed m. p.) 
Picnanthraguinone and 9-ph hi vin. Phenanth 6.) and 3-phenylisocoumarin 


1-1 g) in benzene (30 c.c.) were exposed to sunlight for 2 days (May 
(VEE) 4 This was filtered and recrystallised from xylene 
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in almost colourless crystals decomposing to a reddish-brown melt at about 270° and giving no colour 
%) 


reaction in sulphuric acid (Found: C, #6; H, 43. Hae requires C, 80-9; H, + 
(VII) was heated as was (VIII). The crystals on the upper parts of the reaction vessel were 
extracted several times with cold methyl alcohol; uniform 


gave, with concentrated sulphuric acid, the olive-green cabeat | reaction of 


concentration of the — ~alcoholic extract, crystals which separated out proved to be oF 


th 0-25 g.) and | 3-diphenyl- 
isochromen (0-3 ¢.) Hannus, Ber., 1912, 3202) partly in benzene (30 c.c.) 
were exposed to sunlight for one week (May). The benzene solution was filtered, pom vm an to 


small volume, and treated with light petroleum (b. p. 60-60"), which caused precipitation. The 
tant fluid was decanted, and the residual adduct (1X) coches with cold alcoho! and recrystallised 

from benzene-acetone. It from xylene in tare decomp. ca. 300° to a reddish- 
brown melt (Found: C, 53 O, requires, 

Photoreductions - Dnbensoylbensene (1-3 and Remmert, Ber., 
1915, 48, 206) in tsopropy! alcohol (30 ¢.c.) was exposed to sunlight for 36 days (April). The yellow 
crystals formed were filtered off from the fluorescent benzene solution and recrystallised from chloroform 
in yellow needies m. p. ca 160°, They gave no colour reaction with concentrated sulphuric acid (o-di- 
benzoylbenzene gives a red colour), but in chloroform solution a green fluorescence was noted. The 
pve of nese was heated under reduced pressure (oil-pump vacuum) in a Pyrex test-tube at 200° 

th temperature) for | hour and then allowed to cool slowly ina vacuum. After 24 hours a crystalline 
mast appeared near the bottom of the reaction vessel (most of the material used) and some yellow 
erystals oo the upper part, which was not in contact with the bath. The lower crystalline mass recrystal- 
lised from alcohol in yellow crystals which proved to be | : 3-diphenylisobenzofuran (XI) (m. p. and mixed 
m. p.) (80% yield). Both the decomposition product and an authentic specimen gave a red colour 
with concentrated sulphuric acid, fugitive at room temperature. The oe tion product gave 
the fluctescence described by Guyot and Catel (Compt. rend., 905. 140. 40, 1349). 

monoxime.® The oxime (0-5 g.) in isopropyl (25 cc.) was exposed to 

cuntight for tor (June). The brown deposit was filtered off and crystallised from 2-methyl- 


naphthalene in very small brown crystals showing a green lustre; on pulverisation a brown or was 
produced. It gave the characteristic blue colour of diphenanthro-oxazine with concentra sulphunec 
acid and had m. p. above 305° (Found: N, 40. Cale. for C,,.H,,ON: N, 37%) (yield, almost 

Phone 


nthraquinone imine. The experiment was carried out as previously described and the product 
(almost quantitative yield) crystallised from 2-methyina pe ee in very smal! brown crystals showing a 
green lustre, giving a brown powder on pulverisation and the characteristic blue colour with concentrated 
sulphuric acid, and having m. p. above 305° (Pound: N, 42. Calc. for C,,H,,ON : N, 37%) 

Photochemical Reaction between Aldehydes and Phenthraquimone Monostme —With bensaldeh 
Phenanthraquinone monoxime (0-5 g ) and benzaldehyde (1 g ) in benzene (25 c.c_) were exposed to sunl 
for 15 days (May) (in a Monax glass vessel). a colourless deposit was formed which was filtered off. 
solution was concentrated under reduced pressure and the product recrystallised from benzene in almost 
colourless crystals, m. p 256° (decomp.) nding on the rate of se 

In a parallel experiment in the absence of light phenanth was recovered 
unchanged almost quantitatively 

When the photo-product was heated in a botling ethyl cinnamate bath (b p. 271°) in a carbon dioxide 
atmosphere for § hour, a colourless crystalline sublimate was obtained which proved to be 2-pheny!- 
ay oxazole, m p. 204° undepressed on admixture with an authentic specimen prepared accord- 

to Stein and Day (J. Amer. Chem. Soc, 1942, 64 2567) 

With anisaldehy The oxime (0-5 ¢ ) and aldehyde 1g.) in benzene (25 c.c.) were exposed to sunlight 
(Monax glass vessel) for one week (April). The colourless deposit, recrystallised tale absolute ethyl 
alcohol, had m. p. 244°, gave a yellowish-brown colour with concentrated sulphuric acid, and, when heated 
in an ethyl « innamate bath, as described in the case of benzaldehyde, gave an almost colouriess c 
line sublimate of JMe-p), m. p. 178° (Fou : 
80-9: N44 CyH,,O,N requires C, 81-2, H, 46; N, 

This oxazole was also prepared as follows, Equimolecular amounts of phenanth inone imine and 
anisaldehyde (freshly distilled), dissolved in absolute alcohol containing few drops of piperidine, were 
refluxed for | howr. On cooling and if necessary concentration of the solution) a deposit was formed 
which, crystallised from alcohol, had m. p. 178°, not depressed on admixture with the substance obtained 
as above 

(1: Acid (XX1)+-—(XXI) was prepared from bisindane- 
1: S-cdiony! (XIX) according to the directions given by Gabriel and Leupold (Joc. cit.) for the preparation 
of the supposed (XVII) 

Pyrolysis was carried out in a boiling-tube, connected with a vacuum pump, the lower part being 
immersed in a bath at 260°; the heating was for 30 minutes. Crystals of (X) Il) were formed on the 
cok! parts of the reaction vessel, they recrystallised from acetic acid in orange needles, m. p. 222—225°, 
undepressed on admixture with an authentic sample (cf. loc cit. and Radulescu, loc. cit.) (Found: C, 
70-8, H. 2-7. Cale. for C,,H,O,: C, 71-0; H, 26%) (yield about 40%). 

A suspension of (XXII) (0-3 g.) in dilute sulphuric acid (20 c.c. of concentrated acid in 100 ¢.c. of 
water) was heated on a water-bath for 3 hours he reaction mixture was concentrated to about 50) c.c., 
whereupon a yellow substance (A) separated from the solution (8). (A) recrystallised from ethyl alcohol 
as pale yellow needles, m. p. 208° (brown melt), and was proved to be the 2-(3-ketoindan-|-ylidene)- 


thraq and imine were carried out by William Ibrahim 


¢ These experiments were carried out by Radwan Moubasher. 
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according to Wislicenus and Kétzle (loc. 

heated for 30 minutes on the waterbath. al allowed to coo altered 
was extracted tumes with ether, 


several from which colourless crystals were 
Pp) 
By) (XVID. age was refluxed with 
oxaly! chloride [10g tor 10 with a calcium chloride safety ta reaction 
to dryness in a vacuum, from benzene 


poston. in ether, was shaken at room tem 
the solid was then collected and yod to be (XVIII). (x 1) and (XVIII) are decomposed by 

with the formation of a blue bly the salt of 
indane-1 : Sudione and the hydrate of (XIV) yon 
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84. Studies in Light Absorption. Part 1X. The Relation between 
Absorption Intensities and Molecular Dimensions, and its Application 
to the Electronic Spectra of Polyenes and Polycyclic Benzenoid Hydro- 


Tux intensities of molecular spectra have received increasing 

the experimental as well as from the theoretical point of view. On the one hand, the accurate 
determination of absorption intensities has become au essential feature of the development of 
absorption spectroscopy as an analytical tool; and, on the other, the calculation of extinction 
coefficients by the methods of wave mechanics has been attempted by several authors (Mulliken, 
J. Chem. Physics, 1939, 7, 14, 20, 339, 353, 356, 364, 570; Sklar, ibid., 984; Nev. Mod. Physics, 
1942, 14, 232, Bayliss, J. Chem. Physics, 1948, 16, 287; Kuhn, Helv. Chim. Acta, 1948, 31, 
1780; Coulson, Proc. Physical Soc., 1948, 60, 257). These calculations, whilst of great value in 
helping to establish the nature of the transitions involved, have not been entirely successful 
quantitatively since they involve the experimental frequency of the absorption band and lead 
to absorption-intensity values which generally differ in order of magnitude from those observed 
unless empirical correction factors are introduced. 

The present paper sets out a theory of absorption intensities based solely on considerations 
of molecular geometry, an approach which appears to have been entirely neglected in the past. 
It is possible to calculate, in a very simple manner, the maximum possible extinction coefficient 
of a molecule, the only assumption being that the light must fall within the space of the molecular 
dimensions in order to be absorbed. Such a calculation is quite independent of the nature of 
the transition or the frequency of the light. Consider light of intensity / falling on a slice of 
thickness 8/ of a cell of unit area filled with the vapour or a dilute solution in a transparent 
solvent of the absorbent at a concentration of ¢ g.-mol./l. Let the average cross-sectional 
let the thickness of the slice be sufficiently small so that there is no superposition of molecules 
in the direction of propagation of the light. Then we have 


Illumination falling on molecules = 
(area of molecules/total area) x total illumination « ¢Nia)éi.J] x 10% 
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The maximum possible extinction coefficients of molecules can be calculated in a simple 
manner from the molecular dimensions (cf. Braude, Nature, 1045, 156, 753). The actual 
extinction coefficients for allowed transitions can be calculated from considerations of the 
effective “ chromophore area " and the polarisation direction of the light absorbed. The 
values thus obtained for polyenes and polycyclic benzenoid hydrocarbons are in good agreement 
with those observed. 
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where N is the Avogadro number. Assuming that al! the illumination falling on the molecules 
is absorbed 


Iiiemination absorbed = x 10* 
Integrating this between the limits | — 0 and / = / 


where («) is tht maximum extinction coefficient. 
of 10 4.4, i4., 10* om." so that [¢) ~ 10%. This result corresponds in order of magnitude to 
the highest extinction coefficients which have been observed (cf. below). 

According to classical theory, the absorption intensity is determined by the “ oscillator 
strength ” (/), i.¢., the number of oscillating units per molecule. For electronic transitions 


f= 23 x x fedv 432 


where m and ¢ are the mass and charge of the electron, ¢ is the velocity of light, and fedv is 
the integrated band area (Ladenburg, Verh. d. physithal. Ges., 1914, 16, 769; Z. Physik, 1921, 4, 
451; Physical 1933, 48, 320; Mulliken, /. Chem. Physics, 1939, 7, 14; Forster, Z. Elehtro- 
chem., 1930, 45, 548). Approximately, fedv « c,,, Av where Av is the “ half-width,” ie, the 
width of the bands at points where « —« $c... Av is usually of the order of 5000 cm. and for 
Jf = 1, equation (2) givese ~ 106°. The present treatment thus leads to the same general result 
as the classical one. 

In considering the application of the chromophore-area theory to particular molecules 
and transitions, at least four {actors must be taken into account which will generally reduce the 
actual] extinction coefficient ¢ considerably below the maximum possible coefficient [<). First, 
in polyatomic molecules the effective chromophore area a will generally be smaller than the maxi- 
mum cross-sectional area [a4) because a given electronic or vibrational transition will be confined 
to a particular atom or ‘group of atoms and only light falling within the space of the atoms and 
bonds concerned will be absorbed. Secondly, vibrational and electronic transitions are polarised 
along a particular axis and only the electric vector of the light in that axis will be effective. 
For randomly orientated molecules, the statistical factor by which the effective incident intensity, 
and therefore ¢, is reduced, is}. Thirdly, the ground state of the molecule is usually distributed 
over a number of vibrational states, and in some cases, over more than one electronic state, 
and if the transition ouly take place from a particular sub-level or -levels, the extinction co- 
efficient for a photon of a given magnitude (wave-length) will be further reduced by a fraction 
(x) corresponding to the fractional population of the sub-level or -levels concerned. Fourthly, 
even when other necessary conditions are fulfilled, the interaction probability («) may be less than 
unity. Hence 


In the sequel, discussion will be confined to electronic transitions and we shall assume 7 = 1. 
We shall also assume that, for an allowed electronic transition, « « 1. Hence 


em O87 x 10%. 


This extremely simple expression for ¢ involves only one other parameter, the chromophore area 
@, and should hold for any allowed electronic transition. On this basis the problem of calculating 
the absorption intensities due to such transitions therefore reduces to the calculation of the 
chromophore area a. 

The application of (3a) can be well illustrated in the polyene and polycyclic hydrocarbon 
series, The electronic spectra of these have been thoroughly investigated experimentally, 
and quantitative data for the parent compounds, ethylene and benzene, have recently become 
available through the work of Kievens, Platt, and their collaborators in the vacuum-ultra- 
violet region. It is known that the absorption of ethylenic molecules in the visible and ultra- 
violet regions is due to transitions of the unsaturation (x) electrons. The effective chromophore 
area a will correspond to the area occupied by the +<clectrens (or, more precisely, the area 
containing a sufhcently high x-clectron density) in the plane perpendicular to the line of propa- 
gation (magnetic vector) of the light. In order to calculate a it is necessary to know the polaris- 
ation direction of the transition since the cross-sectional area will be different in different axes 
of the elongated polyene and flat polycyclic-hydrocarbon molecules. It is generally accepted 
on the basis of molecular-orbital theory that the polarisation direction (electric vector) of 
transitions involving t-clectrons is along the axis of the bond, corresponding toa classical direction 
of incidence (magnetic vector) at right angles to the bond (cf Bowen, Ann. Reports, 1943, 40, 12). 
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The polarisation direction can also be deduced from a consideration of chromophore area and 
the experimentally observed relationship between chain-length and extinction coefficient in 
the polyene hydrocarbons, taking into account their clongated zig-zag (frans)-configuration. 
along the *s-axis, the required classical direction of incidence of the light would be along the 
y-axis, and the effective cross-sectional area would be approximately independent of the length 
of the polyene chain and the number (mn) of ethylenic bonds. Hence, by (3a), ¢ should be largely 
independent of m. If, on the other hand, the electronic oscillation takes place along the y-axis, 
i.¢., along the axis of the ethylenic bonds, the required classical direction of incidence of the light 
will be along the s-axis, and the effective cross-section of the molecule wil) increase with the 
length of the polyene chain. Hence by (3a), ¢ should also increase with ». This is the relation- 
ship experimentally observed (cf. Hausser, Kuhn, and Smakula, Z. physthal. Chem., 1935, 29, B, 
385). On the present interpretation, the increase in « with increasing length of the polyene 
chain is therefore simply due to the concomitant increase in chromophore area It will be noted 
that the deduced polarisation direction is here quite independent of the numerical magnitude of 
the extinction coefficients but follows directly from the qualitative relationship between ¢ and w. 


Fre. i. 
Absorption of light by ethylene a. 1650 4.). 


The required direction of incidence for the transitions under discussion having been 


established, the chromophore area can readily be estimated. Considering first the parent 
compound, ethylene, it is clear that the space containing an appreciable s-electron density will 
be considerably smaller than the total space occupied by the molecule; the carbon—hydrogen 
bonds have no, or very little, double-bond character and the s-electrons can be regarded as 
confined to the immediate neighbourhood of the carbon-carbon link. For simplicity, they may 
be imagined to occupy a cylinder of length r and diameter s (Fig. 1) formed by the lateral 


Fis. 2. 
Absorption of light by polyenes (Ames, 2000-5000 


coalescence of the lobes representing the spatia] distribution of the p-electrons of the two carbon 
atoms (cf. Coulson, Quarterly Reviews, 1947, 1, 144). The effective dimensions of the cylinder 
will depend on the n-electron density required for interaction with a photon. (More precisely, 
there will be a region in which the interaction probability is unity, or, at any rate, approximately 
constant, and beyond which « rapidly falls.) It is reasonable to assume that the 

electron-density will be of the same order as the electron-density required for interaction with 
X-rays, and r may therefore be put equal to the carbon-carbon double-bond length 1°35 a., 


| 
| 
} s(airection of 
electric vector) 
H H 
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whilst s may be estimated from X-ray contour diagrams for substituted ethylenes (¢.g., stilbene, 
Robertson and Woodward, Proc. Rey. Soc., 1937, 162, A, 568) to be about IS a. The required 
chromophore area will be the rectangular cross-section of the cylinder, i4., @ = 1°35 x 15 = 
2a.4, whence, by (3a), «= 17,400. The experimental value, recently determined by Platt, 
Klevens, and Price (/. Chem. Physics, 1949, 17, 466) ise = 15,000. The agreement is closer than 
might be expected in view of the approximations involved in the estimation of a. 

In butadiene and the higher members of the polyene series, the conventional carbon-carbon 
single bonds are known to possess apprectable double-bond character and the =-electron density 
is distributed over the whole chain of carbon atoms. For simplicity, the x-clectrons may again 
be regarded as occupying a cylinder of diameter 15a. and of length corresponding to the 
distance ¢ between the termina! carbon atoms, taking into account the zig-eag trans-configuration 
of the polyene chain (cf. Bayliss, /. Chem. Physics, 1948, 16, 287) (Fig. 2). The chromophore 
area is then given by I5r a.*, and, by (3a), «¢ = 131 x 10",r,. The calculated and observed 
values are shown in the Table. It will be seen that c,. is always somewhat smaller than 
Seaie, OF this basis and that the ratio «,, /e..,. decreases with s. Nevertheless, the agreement 
is very satisfactory considering the approximate method of estimating 4; some reasons for the 
discrepancies are further considered below. 


Caloulated and observed molecular-extinction coefficients for polyenes and polycyclic 
hydrocarbons. 


10 + 1) for diphenylpolyenes. 


15,000 * 
21,000" 
53,000 ¢ 
65,000 * 


27,0008 
41,0004 
65,000 
90,000 ¢ 
94 
117,000¢ 
135,000 ¢ 
Benzene 3) 46,000" - 106,000 
Naphthalene (mn 5) 133,000 176,000 
Anthracene 7) ... 180,000* 248.000 122,000 
Naphthacene (n 9)... 186,000¢ 320,000 157,000 
* Bayliss, Chem. Physics, 1948, 16, 287. * Platt, Klewens, and Price, ibid, 1949, 17, 466. 
* Data taken from Braude, Ann. Reports, 1945, 4, 105. The data for »>3 refer to alkyl-substituted 
viyenes. * Hausser, Kuhn, and Smakula, Z. physthal. Chem., 1935, 29, 8, 385. * Ma and Roe, 
wc. Roy. Soc., 1935, 168, A, 200. * Klevens and Platt, /. Chem. Physics, 1949, 17, 470. 


In the diphenyl! polyenes, the total area containing r-electrons is increased by the terminal 
phenyl groups, but it is reasonable to assume that transitions involving the polyene chain will 
only be produced by photons striking the central, acyclic part of the molecule, whereas in the 
region of the phenyl groups the interaction probability for such transitions will be small. (This 
is in agreement with molecular-orbital calculations which indicate that the effective length of the 
conjugated system corresponds to the acyclic portion, cf. Bayliss, loc. cis.) Thus, for calculating 
extinction coefficients of the high-intensity, long-wave-length bands of the diphenylpolyenes, 
the chromophore area can be taken as approximately the same as for the corresponding un- 
substituted polyenes with one extra ethylenic group. The values thus obtained (see Table) 
are in good agreement with those observed, the ratio ¢,, /¢.. falling consistently within the 
range for 1-7. 

Benzene exhibits three absorption bands, near 2550, 2000, and 1800 4., ascribed to transitions 
involving the system of +-electrons. The first two of these are of relatively low intensity and 
are assigned to “ forbidden "’ transitions, but the 1800 a.-band is of high intensity and must be 
due to an “ allowed “ transition (Platt and Klevens, Chem. Reviews, 1947, 41, 301; J. Chem. 
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Physics, 1948, 16, 832; 1949, 17, 470; Platt, iid, p. 484). Similar high-intensity bands 
of increasing wave-lengths and intensities are exhibited by the higher polycyclic hydrocarbons, 
and with the first three or four members of the series, the extinction coefhicients are approxim- 
ately proportional to the number of carbon atoms. This means that, as in the acyclic polyenes, 
the chromophore area also increases approximately linearly with the size of the molecule and 
indicates that the effective direction of incidence of the light absorbed is at right angles to the 
plane of the rings, and hence that the electric vector of the transitions lies i# the plane of the rings 
(Fig. 3). This is in agreement with molecular-orbital theory (cf. Coulson, Joc. ctt.), and the same 
has been shown experimentally to apply to the low-intensity bands (Krishnan, Proc. Indian 
Acad. Sci., 1938, 8, 487; Scheibe, Naturwiss., 1939, 8, 478; Scheibe, Hartwig, and Miller, 
Since the w-clectrons are equally distributed over all six 
area of benzene will therefore be approximately six times 
as great as that of ethylene, if any effect due to the thinning-out of the electron density is neglected. 
Similarly, for the higher members, the chromophore area and ¢,,,, will, on this basis, be equal to 
that of the acyclic polyene with the same number of carbon atoms. As before, the agreement 
between cu. and tu. 18 quite satisfactory (see Table). The calculated values are larger than 
those observed by factors up to about 2. Moecular-orbital calculations for this type of molecule, 
on the other hand, predict intensities which are smaller than those observed by factors of the 
order of 10 (Coulson, Proc, Physical Soc., 1948, 60, 257). 


Fie. 3. 
Absorption of light by bensenoid hydrocarbons (allowed electromic transition). 
H 


In the preceding discussion of acyclic and cyclic polyenes, the chromophore area has been 
taken to be proportional! to the total number of carbon-carbon bonds in the polyene chain. This 
involves the assumption that the partial double-bond character of the conventional single carbon— 
carbon bonds is sufficient to render them as effective as the conventional double bonds for inter- 
action with photons giving rise to -electron transitions, and, sunilarly, that the “ thinning-out ” 
of the x-electron cloud will not appreciably reduce the effectiveness of the conventional double 
bonds for interaction with photons. The extent to which these assumptions are justified 
will depend on the exact relationship between --clectron density and interaction prob.bility, 
concerning which little is known. An alternative approximation to the above is to assume that 
the effective chromophore area will be proportiona! to the fotal ~-clectron density, t.¢., to the 
number (») of conventional ethylenic bonds. On this basis, « should by (3a) also be directly 
proportional to m, and ¢.,. = 087 x 104... x n, where a... is the chromophore area of an 
ethylenic bond, = 2 10% = 1°74 x 10%. The values thus obtained are 
in better agreement with the experimental! data than those calculated previously in the case 
of the acyclic polyenes, but in less good agreement in the case of the aromatic hydrocarbons 
(see Table). This indicates that the “ thinning-out " effect is more important in the acyclic 
than in the cyclic series, in agreement with the fact that the effective claseica) oscillator 
per r-electron are also consistently lower in polyenes than in aromatic hydrocarbons (Klevens 
and Platt, J. Chem. Physics, 1949, 17, 470). 


of 
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The fact that the observed and calculated values of ¢ are in fair agreement shows that the 
assumption made in deriving equation (3a), namely that the interaction probability is approxim- 
ately unity for allowed transitions, is justified. For forbidden transitions, the interaction 
coefheient « will be smal! and can readily be calculated from the experimental data by means 
of equation (3). This also provides a useful criterion of whether a transition is allowed or 
forbidden. Thus for the 2560-a. band of benzene, ¢,, 200 and cy. ~ « 100,000 (cf. 
Tabie), hence « = 0-002. 

In conclusion, some other factors likely to be responsible for relatively smal! discrepancies 
between ¢.. and «,. may be briefly discussed. The data in the Table show that, even for the 
highest-intensity electronic bands, the observed extinction coefficients are generally slightly 
lower than those calculated by chromophore-area theory. This is not unexpected in view of the 
approximations made. In the first place, 7 in equation (3) will generally be less than unity 
since polyatomic molecules usually occupy a number of vibrational! levels in the ground state and 
consequently give rise to an absorption band of considerable width rather than an absorption 
line. This factor could be accounted for by comparing band areas (fedv) rather than extinction 
coefficients (cf. Mulliken, joc. cit.) but the correction is not worth making as the data at present 
available for fedv are generally less accurate than the values of ¢ calculated by (3a). Secondly, 
apart from the intrinsic uncertainty in estimating the dimensions of the +-electron cloud, 
the effective chromophore area a will generally be smaller than that deduced by the simple 
considerations outlined above owing to intramolecular shielding effects. These are not easily 
amenable to quantitative treatment, but a qualitative indication of such effects is provided by 
the fact that «,, decreases with increasing substitution in the alkylated olefins (Klevens and 
Platt, loc. cit.). The decrease in absorption intensity usually associated with steric hindrance 
has been interpreted (Part VI, Braude, Koch, Jones, Richardson, Sondheimer, and Toogood, 
J., 1949, 1890) as partly due to a decrease in the population of the active vibrational levels, 1.¢. 
to a decrease in y, but it is probable that shielding effects are also operative in such cases. The 
abnormally low value of ¢.. in some natural polyenes, ¢.g., y-carotene (m = 11, see Table) is 
probably due to similar causes and also suggests the possibility that compounds of this type may 
not possess the all-trans-configuration which has been postulated (Zechmeister, Chem. Reviews, 
1044, 34, 267). 

Chromophore area considerations are, of course, in no way limited to transitions involving 
m-electrons, but are equally applicable to other electronic and to vibrational spectra. However, 
hardly any quantitative extinction measurements in the far ultra-violet or infra-red regions are 
at present available. 


The author thanks Pretomer C. A. Coulson for very kindly reading the manuscript and suggesting 
me improvements, and Mr. E. S. Waight for drawing the diagrams. 
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85. Cinnolines. Part XXV. Experiments with 3-Halogeno-4- 
hydroxycinnolines. Some Halogen Exchange Reactions. 
By K. Scnorietp and T. Swarr. 


The bromination of diazotised e-aminoacetophenone, and the bromination and chlorination 
of éhvydroxycinnoline, have given mediocre yields of 3-halogeno-4-hydroxycinnolines. The 
substitution of bromine by chlorine which occurs when bromo-4-hydroxycinnolines react with 
phosphorus chloruies appears to proceed by different mechanisms, depending on the presence of 
the bromine at Cy, or Cy Qualitative comparison with related 4-hydroxyquinolines shows 
that these undergo chionnation and bromination more rapidly and more efficiently at Cg, than 
do analogous cinnolines, but halogen exchange reactions occur much more slowly, if at all. 


Tue synthesis of some 3-halogeno-4-hydroxycinnolines (I; R « Cl or Br, R’ = H, Cl or Br) 
was recently reported (Schofield and Simpson, J., 1948, 1170). Some experiments with these 
compounds and a qualitative comparison with analogous quinoline derivatives are now 
described. 

The original synthesis of 3-bromo-4-hydroxycinnolines (1I——> IV) suffers from the 
disadvantages, especially in the case of (I]; R’ = H), that pure nitroacetophenones are 
essential, and that compounds (III) are unstable. Thus, before beginning a study of 3-bromo- 


| 
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these 


4-hydroxycinnolines, some were made in search of a simplified route to 
compounds. The results are of interest, but it cannot be claimed that the desired products 
have been rendered any easier of access. 


OH 


Osi 

(IM) 

OH 
a) 

diazonium perbromide in the presence of acetophenone gave w-bromoacetophenone, and Hopf , 
and Le Févre (J., 1939, 1067) also observed the brominating action of a compound of this type. ’ 


It seemed possible, therefore, that decomposition of the perbromide from diasotised o-amino- 
3-b 4 i , obviating the need for pure o-nitro- 


noline was obtained by this method. 
greater than 34%, but the experiments were not exhaustive and the reaction might repay 


further study. 
Direct halogenation of the readily evailable promised to te 
attractive route to 3-hal 4-hydroxyc hi Examples of analogous brominations of 


quinoline derivatives are “mentioned in the early literature (Chick and Wilsmore, J., 1910, 
97, 1990; Knorr, Annaien, 1886, 236, 91; Meyer and Heinmann, Compt. rend., 1936, 208, 264), 
and recently Riegel and his co-workers (J. Amer. Chem. Soc.. 1946, 68, 1220, 1532) prepared 
3-bromo-4-hydroxyquinolines by this method, whilst Surrey and Cutler (sbid., p. 2570) made a 
comprehensive study of the direct halogenation of ethyl Shanrenpeuenbienes’ with sulphuryl 
chloride, bromine, and iodine monochloride, in acetic acid, obtaining the corresponding 
3-halogeno-derivatives. Consequently, we treated 4-hydroxy-, 6-chloro-4-hydroxy-, and 
6-bromo-4-hydroxy-cinnoline with both sulphury! chloride and bromine in acetic acid, In no 
case was halogenation so rapid or so efficient as with the related quinoline derivatives under 
the same conditions. The products appeared to be mixtures, from which mediocre yields 
(ca, 20%) of 3-halogeno-4-hydroxyci (I; Re Cl or Br; R’ Cl or Br) were 
isolated. 

For comparative purposes, and because the products were required for the work described 
later in this paper, the quinoline analogues (V; R = Cl or Br, R’ «= H, Cl or Br) of the above 
cinnolines were prepared. 4-Hydroxy- and 6-chloro-4-hydroxy-quinoline are readily prepared 
by the ethoxymethylenemalonic ester reaction (see, among others, Price and Roberts, ibid., 
p. 1204) and we have now prepared 6-bromo-4-hydroxyquinoline by this method (see 
Experimental). By the action of sulphury! chloride on 4-hydroxyquinoline we isolated a 
low yield of a trichloro-derivative (cf. Riegel et al., ibid., p. 1229). Surprisingly, this compound 
appeared to be converted by mixed phosphorus chlorides into a trichloroquinoline which did 
not depress the m. p. of 3: 4: 6-trichloroquinoline (see below). Although mixed m. p.s are 
not reliable with compounds of this type, the sequence of reactions suggests some such structure 
as (VI) for the initial product. With 6-chloro- and 6-b 4-hydroxyquinoline (in contrast 
to the cinnoline derivatives), sulphury! chloride effected rapid and efficient monochlorination, 
giving what we regard as 3 : 6-dichloro- and 3-chloro-6-bromo-4-hydroxyquinoline. Bromination 
of the hydroxy-compounds under the conditions of Surrey and Cutler (loc. cit.) (Riegel ef al., 
loc. cit., used a longer reaction time) proceeded rapidly enough at 95° to give good yields of 
3-bromo-, 6-chloro-3-bromo-, and 3: 6-dibromo-4-hydroxyquinoline in ten minutes. 

One of our objects in preparing the above h »-4-hydroxycinnolines was to examine 
further the problem of halogen exchange. In previous cinnoline studies (Schofield and Simpson, 
joc. cit.; Atkinson and Simpson, J., 1947, 232; Keneford, Morley, and Simpson, /., 1948, 1702) 
cases of the replacement of a bromine atom by a chlorine atom in the diazonium salt stage of 
the Borsche synthesis have been observed. But another type of replacement involving a 
co 
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bromine atom in a cinnoline nucleus was observed by Leonard and Boyd (J. Org. Chem., 1946, 
11, 419), who noticed that, although phosphorus oxychloride at 95° converted 6-bromo-4- 
hydroxycinnoline into 4-chioro-6-b line, a mixture of phosphorus oxychloride and 
Pentachloride at 138° produced compound which they suggcated was : 6-dichlorocinnoline 

suggestion was readily proved correct. Morley, Keneford, and Simpson (loc. cit.) 


a oH 
~ 

x 


WY 
N 


observed what is probably a similar replacement of the nitro-group in 7-chloro-6-nitro-4- 
hydroxycinnoline. Our own interest in reactions of this sort was prompted by the observation 
that mixed phosphorus chlorides converted 3-b 4-hydroxyc Li into a product 
intermediate in composition between 4-chloro-3-bromo- and 3: 4-dichloro-cinnoline. We have 
examined the action of phosphorus oxychloride and pentachloride, alone and mixed, at 95° and 
136°, on 3-be 6b , &chloro-3-bromo-, and 3 6-dibromo-4-hydr 

These criteria were weed to detect. and roughly estimate the occurrence of bromine 
replacement by chlorine. Most important was elementary analysis of the products, and of the 
derived 4-phenoxy-compounds. Secondly, although with these compounds mixed m. p.s are 
of little value since depressions are not in general observed, yet m. p.s of the products provided 
4 useful criterion since it was found that they rose as the degree of exchange decreased. In this 
connection 4: 6-dichloro- and 4-chloro-6-bromo-cinnoline, 
were already known (Keneford and Simpson, /., 1947, 917; Leonard and Boyd, loc. cit.), and 
by wenel methods we propased 3: 4-dichloro- and 3: 4: 6-trichloro-cimnoline, and also 3-chloro- 

4 ph Yy ‘ Thirdly, if replacement was occurring, bromine appeared in the reaction 
vessel. 

The essential results, obtained under the standard conditions used in these experiments, 
are summarised in Table |, from which the degree of exchange in any example can be judged 
roughly by the m. p. of the product, and also by the approximate calculation of percentage 
exchange based on the carbon content of the compounds. 

It was important to decide if the 4-hydroxy-group was involved in the exchange reaction, 
or if its replacement by chlorine was completed before substitution of bromine by chlorine 

The latter possibility seemed the more likely since Leonard and Boyd (loc. cit.) 
reported that the hydroxy! group of 4-hydroxycinnoline was replaced in five minutes under the 
action of phosphorus oxychloride, and Surrey and Cutler (loc. et.) have shown that in ten 
minutes the same reagent can convert many 4-hydroxyq i into the 4-chloro-compounds. 
We find that 4-chioro-, 4: 6-dichloro-, and 3: 4-dichloro-cinnoline are formed quantitatively 
in this short reaction time, and by this means it was possible to convert bromine-containing 
4-hydroxycinnolines into the 4-chloro-compounds with a minimum of halogen exchange, 
although the products were not quite pure. Complete proof that the 4-hydroxy-group is not 
essential to the exchange reaction was provided by showing that further treatment of these 
fairly pure 4-chloro-br with phosphorus chlorides caused exchange of chlorine for 
bromine in the same way as when the ¢-hydroxy-compounds were used in the reaction. 

The quinoline derivatives described above provided an interesting comparison with their 
cinnoline analogues, when treated under the conditions which caused halogen exchange in the 
latter. 4: 6-Dichloro- and 4-chloro-3-bromo-quinoline have been described by Riegel ef ai. 
(J. Amer, Chem, Soc, 1946, 68, 1264, 1229), and we have now prepared 4-chloro-6-bromo-, 
3.4: O-trichloro-, 3: 4-dichloro-6-bromo-, 4: 6-dichloro-3-bromoe-, and 4-chloro-3 : 6-dibromo- 
quinoline. Treatment of the bromine-containing compounds with phosphorus chlorides, under 
conditions which replace, partly or completely, the bromine in the cinnoline analogues, did cause 
some halogen exchange (as evinced by bromine vapour appearing in the reaction vessels) but 
analysis showed it to have occurred to a very small extent. This was expected in view of earlier 
reports of the preparation of 4-chloro-compounds from bromine-substituted 4-hydroxyquinolines. 
Thus, Kermack and Weatherhead (/., 1939, 563) boiled 6-bromo-4-hydroxyquinaldine for four 
hours with phosphorus oxychloride without apparently replacing the bromine atom. Steck 
and his co-workers (/. Amer, Chem. Soc., 1946, 68, 129, 380) satisfactorily prepared 4-chloro-5-, 
-6-, and -7-bromo-3-methylquinoline by a similar method, and Riegel ef al. (loc. cst.) likewise 
obtained 4-chloro-3-bromog uinoline. 

The conclusions to be drawn from Table I and from the above discussion can be stated 
briefly ; (i) Replacement of the 4-hydroxy-group precedes halogen exchange and is indeed a very 
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Taste I. 
Summary of results obtained in halogen exchange reactions. 
M. p* and exchange, %, of products from substituted ¢-hydroxy- 


_ Bromoe-. 3-Bromo-. 3-bromo- 3: 6-Dibromo-. 
Reflux Ex- Ex- Ex- Ex- 
e Time or change, change, change, 
agent’ (hrs). Temp. open’ Mp % Mp % Mp % Mp 
M 2 95° 113° — wre ws “7 
M 2 95 RK — Ms 3 143-5 / s Ww 47 
M 2 135 1405 7 1406 
M 2 135 K 153 6 154-5 
o 2 R 118 142 145 
Oo 2 135 R 113 151-5 -- 182 159 
P 1 126 — 27 — -- -- 
P 4 135 K — 5 141 
(a) M. p.s of possible products: 3: 4-dichi 1 126-127"; 
tachlonde = phosphorus oxychloride. (¢ 
(d) on total bromine (2 atoms). 
more exchange, but the difference is (f) 1 hour's heating. (g) j hour or 2 hours. — 


Leonard and Boyd's figures (Joc. cst). 


rapid reaction. (ii) A mixture of phosphorus oxychloride and pentachioride being used, 
replacement of the bromine at C,,, is relatively rapid, and occurs more readily at the higher of 
the two temperatures used. (iii) By comparison, replacement of a bromine atom at C,, is 
relatively slow, appears to be encouraged by the presence of a halogen atom at C,,., and is more 
rapid at 95° than at 135°. (iv) Replacement of of bromine, whether at Co, or Cj, by using 


oxychloride, in contrast, produces similar results to those obtained with the mixed chlorides. 
(vi) Generally, use of an open vessel, whence bromine can easily escape, facilitates exchange, 
and the reverse is true for reactions carried out under reflux. (vii) Halogen exchange in the 
quinoline series proceeds very much more slowly, if at all appreciably, than in the cinnoline 
series. 

Useful discussion of these results is rendered difficult, first by the absence of true analogies, 
and secondly by ignorance of the mechanism of reactions between phosphorus chlorides and 
compounds of the present type. Several examples of the replacement of bromine atoms by 
chlorine, through the agency of phosphorus pentachloride, in both the benzene and the 
naphthalene series have been reported (Schmidt and Wagner, Annalen, 1912, 387, 164; Cone 
and Robinson, Ber., 1907, 40, 2160; Sindall, Chem. News, 1890, 60, 58), but the conditions have 
usually been comparatively severe. In any case, different mechanisms may be involved in 
these examples. At first it seemed possible that the 4-hydroxy-group might be intimately 
connected with exchange of the 3-bromo-atom, somewhat in the manner in which a hydroxy! 
group adjacent to a halogen atom in a naphthalene compound controls the subsequent mode of 
halogenation (Fries and Schimmelschmidt, Annalen, 1930, 484, 245), but the facts presented 
make it clear that the hydroxyl group is in no way involved in the reaction. 

The different form of temperature dependence of the substitution at C,,, as against seems 
to suggest that different mechanisms of replacement are operative at each position. 
replacement of the 6-bromo-atom is an ordinary nucleophilic substitution, and from the point 
of view of comparative heterocyclic chemistry it is interesting that the cinnoline compounds are 
more susceptible to nucleophilic replacement than are the members of the quinoline series. 

The qualitative results of bromination and chlorination of 4-h and 


é-hydroxye 


J. Amer. Chem, Soc., 1946, 68, 1282). It should be noted that our results do not allow us to 
decide if C,,, in 4-hydr inolines is absolutely more susceptible to electrophilic substitution 
than C,, in ¢-hydroxycinnolines, or only relatively so, as compared with other positions in the 


cinpoline 
| 
our observation that 4-hydroxycinnoline fails to partake in a Mannich reaction under conditions 
which produce substitution of this kind in 4-hydroxyquinoline derivatives (Price and Jackson, 
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two nuclei. Only a knowledge of the fate of material not accounted for as 3-halogeno-4-hydroxy- 
cinnoline, t.4., whether it remained unsubstituted or whether substitution occurred at positions 
other than C., could decide this question. 

It would clearly be of interest to examine the ease of halogen exchange in cinnolines 
unsubstituted at C,, and this we hope to do. 


EXPERIMENTAL. 
(M. p.s are uncorrected.) 

oom! v) was diazotised at 0° with aqueous sodium nitrite (10%), and a solution of m brome 
(1-47 g.) and potassium bromate (0-41 g.) in water (10 c.c.) added slowly at .5° to 0”. The aus 
of brown granular solid produced was left overnight and then warmed at 80° for a and the tarry 
resin formed crystallised twice from alcohol, 3-Bromeo-4-hydroxycinnoline (0- 15%) was thus 
m. p. 273-274", Glens and mined with on euthentic epeclmen (=. p. 

276") 

(ii) oA etoph (0-5 ¢.) was treated as in (i) but the suspension was left for | week at 
room temperature before being worked up as before. There resulted 0-28 g. (34%) of 3-bromo- 
4-hydroxycinnoline, m. p. 271-272" 

(tii) ketone (0-69 g.) was diazotised as before, treated with a solution of potassium bromide 
yielding 20% of the 

ared product 

Gv) The amine (1 was diasotiond and trea treated with a solution of potassium 
bromine (2-04 g.) in water (10 ¢.c.), left overnight, and worked up as in (i), yielding 12-56%, of 3- 
ydroxycinnoline 


+h 
Direct Halogenation of 4-Hydroxycinnolines. 

Chlorination of 4-H ydrexycimnoline —The cinnoline (0-5 g ) in acetic acid (20 ¢.c.) and acetic anhydride 
(1 ««.) was warmed at 95° for 4 hours with sulphuryl chloride (0-51 g.), the mixture refluxed for 
5 minutes and then cooled, sodium hydroxide (0-2 g.) in water (10 c.c.) added, and the solution left at 0° 
for hours. Recrystallisation of the precipitate (0-24 m. p. 242—263") from acetic acid gave 3-chloro- 
+hydroxycinnoline (0-14 g., 22%), m. p 278-279" and mixed with an authentic specimen (m 
278279"). Acetylation with boiling acetic anhydride gave a derivative, m. p. 124—-125", which 
not the m. p. (124--125") of genuine 3-< hloro-4-acetoxycinnoline. 

Chlorination in boiling acetic acid for 4 hours gave the same result, but one experiment at 95° using 
only 2 drops of acetic anhydride gave none of the chlorocinnoline. 

Chlorination of 6-Chloro-4-hydrosycinnoline.-The cinnoline (0-5 g.), acetic acid (20 cc), acetic 
anhydride (1 ¢.¢.), and sul ra chlonde dy -42 g.) were refluxed together for 4 hours and worked > as 
above. The product (0-1 , 32%), m 301-303", and its —, ye m. p. 148—149", 
identical with 3 (m. p. 302—-303") and : 
p. 149—150°), respectively. 

(0-5 g.) gave 22%, of 3-chloro-6-bromo-4-hydroxycinnoline, m. p. 306-——307°, giving no d 
admiature with a} fe specimen, m. p. 300-—310° 

Bromination of 4-H (1 g.), acetic acid (20 c.c.), and bromine 
(1-15 ¢.) were warmed at 05° for 24 hours, crystals appearing after j hour. After removal of the solvent 
under reduced pressure the r ue (hydrobromides) was triturated with dilute ammonia solution, 
leaving a white solid (1:17 ¢.), m. p. 235-237". Neutralisation of the ammoniacal washings with acetic 
acid gave some impure starting material (0-04 ¢.) Three crystallisations of the product from ethanol 

ve substantially pure 3-bromo-4-hydroxycinnoline (0-31 ¢., p. 272-273" showing no 
isp 


on admixture with a om specimen, m. p. 275-276". The acetyl derivative, m. p. 
was also wlentical with 4-acetoxycinnoline, m. p. 139-—140". 

Bromination in boiling acetic acid during | hour gave 15% of 3-bromo-4-hydroxycinnoline. 

Bromination of 6-Chlovo-4-Aydrorycimnoline —The cinnoline (1 g.), treated as above, provided after 
trituration with ammonia a white solid (1:18 gm. p. 275-276"). Four crystallisations from alcohol 
gave white needles (0-28 g., 195%), m. p. 308—309", alone and mixed with genuine 6-chloro-3-bromo- 
4-hydroxycinnoline, m. p. 310-311". The acetyl derivative, m. p. was identical with 
6-chioro-3-bromo-¢-acetoxyc innoline, m, p. 166-167" 

Bromination of 6- white solid (1-02 g.; m. p. 275-—-277°) was obtained 
by brominating 6bromo-4-hydroxycinnoline in the same way as above and triturating the product with 
ammonia. Four crystallisations from alcohol gave white needles (0-30 g., 22%), m. p. 313—314° (acetyl 
derivative, m. p. 178-179"), identical with 3; 6-dibromo-4-hydroxycinnoline, m. p. 315-—-316° (acetyl 


derivative, m. p. 179-180"). 
Halogenated 4 Hydroxyquinolines. 


p-Bromoaniline (25-2 g.) and ethyl ethoxymeth 
(32 ¢.) (Puson, Parham, and Reed, /. Org. Chem., 1946, 11, 194) were heated at 95° for 2 rs, and the 
alcohol formed was removed under reduced pressure. One crystallisation from methanol gave = 
yellow crystals of a product suitable for further use (46 g.; m. p. 98 —99"), and further crystallisa 

ve stout white needles of ethyl carbethoxyacrylate, m. p. 100-101" 
H, #75. requires C, 401, H, 47%) 

(b) The above compound (40 g.). finely y Powdered, was added during 10 minutes to boiling diphenyl! 

ether (400 and the mixture refluxed for hour. After the mixture had cooled, was added 
(400 c.¢), and the product collected, washed with more ligroin and some ether, and dried, yielding pure 
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(from alcohol), m C,H C, 48-7; 
() The ester (BO was xed with ont for 2 hours, 

and the solution (charcoal) and aci 

(22-7 g., 84%) of almost pure rac ae acid ated from 

microcrystals, m. (decomp) (Found C, 45 requires C, 446; H, 


and washed with ligroin and ether. =” (4c) formed Pals 


{ydroxyquinoline (1 g.) im acetic acid (3-2 cc.) and acetic 
anhydride (0-8 ¢.c.) at 45" was added to sulphury! chloride (1-08 g ). The mixture was at the 
same temperature for 25 minutes, boiled for 5 minutes, and diluted with water (6c.c.). The white solid 
(0-57 g.; m. p. 270—280") was with alcohol (40 c.c.), and the residue (0-24 ¢.; m. 
exystaliined trom alcohol, giving ite lustreless microcrystals of a compownd, m. p. 390° (Pound 


3 ) in acetic acid (9 ¢.c.) and 
acetic anhydride (1 c.c.) was added to sulphu: (1-37 ¢.) at There was an immediate 
reaction and the temperature rose to > 100 wan at for } hour, boiled for 
minutes, and then cooled, c.) added sation of 


the almost pure product (1-38 g.) from acetic acid gave lustreless yellow microcrystals of 3 : 6-dichloro-4- 
hydroxyquimoleme, m > 320° (Found: C, 506; H,25. C,H,ONCI, C, 45; H, 

bromo —6-Bromo-4-hydroxyquinoline 3 ¢) was chlorinated as 
above, but after addit _— yl chloride (0-87 g.) the mixture was kept at 100° for} hour The 
product (1-14 formed white of m. p. > 320°, from 


acetic acid (Found : C, 41-8; H. 2 23. CyH,ONCIBr requires C, 41-6; H, 1-95 

3. Bromo-4- ryguemoline Addition of bromine (®72 c.c.) to &hydror inoline (2 g.) in acetic 
acid (6 cc.) at caused an immediate reaction, the temperature rising to > 100°. After 10 minutes 
at 70° the ree was cooled, and sodium hydroxide (0-55 g.) in water (10 c.c.) added, —— 
solid (3-03 g.; >> 272—274"). Crystallisation from alcohol gave white oe of 
hydroxyquinoline ( 


“43 g., 79%), m. p. 281—282°* ( loc. give m P 2 289", 
yquinolime. 


mixture gave a white solid (24g) which separated co Gall tall of 
6-chloro-3-bromo-4-hydroxyquinoline, Mm. p. > (Pound: C, 424; H, 2-2. C,H,ONCIBr requires 
C, 41-8; H, 105%). 

3: 6-Dibromo-4- 


jnolime —6-Bromo-4-hydro: y= (2 g.), treated as above (0-5 c.c. 
of Sooateg, ve a pale yellow solid (2-51 g.) which from acetic acid as pale yellow micro- 
crystals of 3 6-dibromo-4-hydroryquinoline, p. (round 359; H, 1-7. C,H,ONBr, 
requires C, 35-7; H, 1-7%). 


Halogen Exchange Reactions and Related Experiments with Cinnoline Derivatives. 
3: 4-Dichloro- and 3: 4: 6-Trichloro-cinmoline — By the usual method (Keneford and Si 
loc. cit.\, 3-chioro- (1 g.) and 3 : 6-dichl 4-hydroxy ine (0-4 g.) gave the desired ucts (0-7 g. 
and 03 3: formed white needles, m. p. 126-—1 
i ligrein (Found: N, 1438; Cl, 36-2. C,H,N,Cl, requires 141; 38-09%). and 
3.4: tain yellow needles, m p. 141—142°, from the same solvent ound 
Cc, 41-2; H, Cl, 45-9. C,H.N requires C, 41-15; H, 1-3; Cl, 45-06%) 
Aloro-4- axycinnoline —3 4-Dichlorocinnoline (1-56 g.) was converted standard means 


(Kenetord Simpson, Joc. cit.) into 3 yey tee tty ko formed white 
m. p. 126-——121°, from ether-ligroin (b. p. ") (Found: C, 64-7 39; N, 109. C,,H,ON 
requires C, 65-5; H, 3-5; N, 10-09%). 


Action of Mixed Phosphorus Chlorides on Bromo-4-hydroxycinnolines —The ts with 
3-bromo-4-hydroaycinnoline are described in some detail and serve as a model for with other 
compounds, indicating the sort of yield obtained in these reactions. The products from 3-bromo-4- 
Ss are described a ae If (A), and those obtained under similar conditions 

6-bromo-, 6-chloro-3-bromo-, and 3 : 6-dibromo-4-hydroxycinnoline, in Table IT Lng and 


tube, and the mixture was with ice, ‘besthed {20% endian hydroxide), and extracted with 
ether. The dried (N ,) extract yielded a white solid (0-46 g ). 

& 

it) The cinmoline (-4.) was treated as in but at 199-—140" for 2 hour, the Mask being hited 
0 yu tae the loss being made up 
by addition of phosphorus ox 

was treated as in (i), but for 24 hours. 
vi) The hydroxycinaoline (0- was an tn but tor 2thours. Yield; 


A similar result was obtained by heating the acid at 285° for i hour, but the initial product was not 
| 
i) 3-Bromo-4-hydroxycinnoline (0-5 g phosphorus pentachiloride (1 ¢ and phosphorus oxy- 
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Tasce Il. 
Possible product. 


M. p. 


126—127° 483 


39-5 


142—-142.5 
140-1495 
154-1545 
147-148 


1455-146 

1466-5-—147 
156—156-5 

1605-161 
151-152 


(e) Bromine was visible in the reaction vessel. (6) 

with an ordinary thermometer in a small oil-bath, 
Usually 3 specimens were examined at once Mixtares of not bat 
melted at an intermediate temperature. (c) These products were phenoxylated. Sce Table III. 
(#) Leonard and Boyd (loc. et) give m. p. 113—114" and 126—127", respectively. 


Products from Exchange Reactions.-The product (1 part) was heated with phenol 


Phenorylation of 
nd parts) at 180° for 2 hours, and the mixture cooled somewhat and poured into onesie 5y-sodium 
ydroxide solution. Ether removed the derivative, which was a from the dried ,) extract 
in an almost pure state (00-95% yiekl), and recrystallised from ether-ligroin (b. p. "), forming 
white or cream-coloured need 
Action of Phosphorus Oxychloride om Bromo-4-hydroxycsnnolimes.—In each case the cinnoline eg) 
and phosphorus oxychloride (2 ¢.c) were heated at or at 135° under reflux, for 2 hours, and 
conjunction with the above results the m. ps 


of the products (see T IV) serve to indicate the extent halogen exchange 
Action of Pentachionde on intimate mixture of the 
pentachloride (1 g.) was heated, for cither | hour at 95° or § hour at 
d up as before. The results are given in Table V 
Preparation of wath Phosphorus hydroxy-comy d was refluxed 
with the oxychloride at 135-140" until a clear solut ed, and heating was then continued 
at 85° to a total of 10 minutes. The products (see Table V Sa Se 


Tasce 
Possible product. 


Analysis, %. 

Pp Cc. H. Compound, 
167108 56-7 205 3: Dichloro-4-phen- 


oxycinnoline 


cinnoline 
D(® 3: 4Dichloro-6-bromo- 128-129 25 loro-6 bromo-4- 
emnoly 


ne ycinnoline 
D (iv) 135-—136 25 3: 6-Dibromo-4-phen- 
cinnotine oxycinnoline 


(a) 1.e, the substance to which the analysis m Table || approximates most closely. 


390 
ny, 
Analysis, % Analysis, % 
Conditions. M.p* Compound. | | c. H. 
(A) 
1465-147" 4215 10 
143-1435 4623 240 4Dichlorocinnoline 
1486-1405 3005 1-75 
(vi) i4d- 106 _ 
(B) 
Ht) - - 
Por } hour * 
(C) 
For | howr 417 185 
a74 «#617 
(D) 
14 3: 4: 6-Trichlorocinnoline 414 
#Chloro-3 6-dibromocinnoline ? 298 609 
Analysis, 
Table If Compound Cc. H. 
A (iv) 4Chioro-3-bromocin- 630 
noline 
3:4) Trichlorocin- O28 
24 
24 
“#1 


116—117 
105-—107 
143-145 
151—152 
141—143 
155-156 


6- Bromo-4-hydroxycinnoline 
6-Chloro- 3-bromo-4- -hydroxycinnoline 
3: 5-hydroxy | 


141—142° 
151—181-5 
117—118 
112—113 


144—-1465 
152-153 
147—148 
158-159 


16—77" 
127-128 


Taste VIII. 
Time, mins. 


‘compound. 
6-Chloro-4-hydroxyquinoline 
6-Bromo-4-hydroxyquinoline 
3- Bromo-4-hydroxyquinoline 
3: 6 Dichloro-4-hydrox 
bromo-¢-h 


: 6-Trichloro-3 : 


Riegel ¢f ai. (loc. cit.) 


seen! | | 


130-5—131-6¢ 
91-93 104—105/ 


did not 
m. p. 105-—105-5° 
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Tame IV. 
Crude product. Recrystallised product. } 
Compound. Temp. Yield M.p. Yield (g.). M. p. 
3- Bromo-4-hydroxycinnoline ............... 95° 0-08 136—138° 0-05 
135 151—152 0-08 
135 0-08 0-02 
... 95 0-09 005 
135 0-07 
3: 6-Dibromo-4-hydroxycinnoline* 95 0-05 0-04 
135 0-05 
(a) 0-05 G. of hydroxy-compound used. 
Taste V. 
Crude product. Crystallised product. ™ 
Compound. Temp. Yield (g.). M. p. Yield (g.). M. p. 
3-Bromo-4-hydroxycinnoline 95° O10 121.123" 0-03 126-127" 
140 0-02 125-130 
6 Bromo-4-hydroxycinnoline ............... 0-05 123-125 0-02 125—126 
6-Chloro-3-bromo-4-hydroxycinnoline ... O10 137—139 0-05 140-141 
3: 6-Dibromo-4-hydroxycinnoline ...... 140 004 131—133 ool 140—141 
Taste VI. 
POCl,, Time, mins. Product. tallieed, 
Compound. Wt,g. ce. G. M. p. 
4-Hydroxycinnoline O8 06 4 O17 73-74" 
3-Chloro-4-hydroxycinnoline ............ 0-6 2 » o1 127-128 
6-Chioro-4-hydroxycinnoline ............ 06 i O2 
3-Bromo-4-hydroxycinnoline ............ 61 06 144-145 149-160 
O2 117-118 126-127 
0-9 4 & o1 154—155 150-—160 
Tasie VII. 
Product. 
| 
Compound.* M. p. Temp. M. p. Recrystallised, m. p. 
4-Chioro-3-bromocinnoline .................. 135-—137° 137-138" 
135 138-139 143—144 
4: 6-Dichloro-3-bromocinnoline ............ 153-154 95 140—143 144-145 
4-Chioro-3 : 6-dibromocinnoline ............ 160—161 144-145 146-147 
(a) Named according to probable major component, as revealed in above work. 
Mp. Recryst., m. p. 
OD 10 043 103-104" * 
10 2 108— 109 100—lloe 
3 620 103-—104 108-—100° 
HME OF 3 O21 127—128 1306--131¢ 
............ @2 2 O21 121—122 124-—124-5¢ 
3: 6-Dibromo-+-hydroxyquinoline ............... @2 4 o2 1 
3:3 jou 3 
T 
white 
Cc, ). (& 4: 6-Dichlore- — 
. . on recrystallisation gave only yre a t 
: 4: 6-trichlorocinnoline. pure st gave white 
{Found : C, 470; H, 1-9%). (g) See following table for analyses. 
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Action Mised Chiorsdes 
of Phosphorus on 


4-chiorocinnolines 


b pen 
© volumes) were heated at 05°, or (2 parts) and. phowphoru 
cases. The results are given in Table VII 
Halogen Exchange Reactions and Related Experiments im the Quinoline Series. Preparation of 
+c t.—The 4hydroxyquinoline (1 part) and oxychloride (3 volumes) were 
boiled under reflux uatil a clear tion resulted, and then ted at 95° to make a total heating time 


ction of Mixed Phosphorus Chlorides on Bromo-4- 


tachloride (2 oxychlornd apn heated at 
phosphorus e mes) were 
pa vot various tines, a thn cinnoline analogues. The results are 


Taste IX. 


Conditions. M. p. 
95"; 2 hours 65-66 
135-140"; 2 hours 64-65 
6-Bromo-4-hydroxyquinoline ......... 2 hours 109—110 
135-140": 2 hours 106—108 
6-Chloro-3- bromo-4-hydroxyquinoline 95°; 2 hours 121—122 122—122-5 
135-140", 2 hours * ow 119—120 122—123¢ 
135-140"; Ghours® 019 120-121 122—~123 
135-140"; 24 hours® © 16 120--121 123—1246 
3: 6 05"; 2 hours* 039 131—132 
135—140°; 2hours* 641 130-131 130-131 
135-—140"; Shours® 639 128-129 130-—131° 
135-140"; 24hours* 610 119-120 131—132 
(a) Bromine visible in reaction ee (6) This, when pure, formed spiky white needles, m. p. 
405° (Found) C, 452; H, 2-15. C,H,NCIBr 44-6; H, 21%). (¢) When pure, this 
ve large white needies, m 110-5" (Found “44; H 2%). (d) As m. p. 122— 
fe: 22-5" (Found: C, 40-6; H. 15. C,H NCL Br requires ¢, 39-1; H, 16%). (e) As (c), m. p. 130-6— 
131° (Found: C, 346. 1-3 C,H NCIBY, requires C, 33-6: H, 1-25 
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86. Cinnolines. Part XXVI. Some 4-Cinnolylhydrazines, Their 
Preparation and Oxidation. Miscellaneous Quinoline Derivatives. 
By K. Scnortecp and T. Swar. 


4-Cimnolylhydrasine and its 3-cAloro-, 6-chloro-, and 6-bromo-derivatives are described. Except 
for the 3-chioro-compound, these are oxidised by aqueous copper sulphate to the corresponding 
commodines, 4 Phenylhydrarino- and have been prepared 
Attempts to prepare derivatives of 3-aminocinnoline are t and misc 
quinoline derivatives reported 


From the reaction between hydrazine and 4-chloroquinaldine Backeberg and Friedmann (J., 
1938, 972) obtained either of two products, according to the conditions, Condensation in hot 
alcohol gave 4-quinaldylhydrazine, whilst reaction at a higher temperature, under pressure, 
gave an isomeric compound which the authors suggested to be 3 ; 4-d inaldine. Various 
pieces of evidence made this structure uncertain, but only after this work had begun was it 
completely disproved (Koenigs and Freund, Ber., 1947, 80, 143). 

Since we desired to prepare 3: 4-diaminocinnolines, in the light of Backeberg and 
Friedmann’s suggestion it seemed of interest to examine the reaction between 4-chloro- 
cinnolines and hydrazine. Further, 4-cinnolyihydrazines offered the possibility of obtaining, 
by oxidation, hitherto unknown derivatives of cinnoline unsubstituted at C,,.. 

than did 4-chloroqui (Dewar, J., 1944, 619; we have repeated the reaction for 


Product. 
wt. wt. Recryst., 


OF OO 
NH, 
(it) (Iv) 


after two crystallsations from alcohol its m. p. changed to 226—227° (decomp.). The high- 
melting form was produced in a reaction carried out under pressure, In view of the behaviour 
of 4-chloroquinaldine, it was at first thought that isomerisation was involved, but experiment 
showed that the substances were merely different crystalline forms of 4-cimmolylhydrazine 
(Ll; R= R’ =H). Thus, both gave the same Aydrochloride, and the same diacetyl derivative. 
Any possibility that the low-melting form might be 3 ; 4-d line was removed by the 
formation from it of a monoformy/ derivative, (IL) with phenanthra- 
— Finally, both substances gave cinnoline when oxidised with aqueous copper 


Chlere- (I; R= Cl, R’ = H), 6-chloro- (I; R= H, R’ = Cl), and 6-bromo-4-cinnolyl- 
hydrazine (1; R = H, R’ = Br) were prepared in the same way, but none of these showed 
polymorphism. Replacement of hydrazine by phenylhydrazine in the reaction gave ¢-phenyl- 
hydrazino- R = H), and 3-chloro-4-phenylaydi oline (111; RK Cl), 

On oxidation with aqueous copper sulphate 3-chioro-4-cipnolylhydrazine underwent violent 
decomposition and no recognisable product was isolated. In contrast 6-chloro- and 6-bromo-4- 
cinnolythydrazine readily gave 6-chloro- (IV; R = Cl), and 6-bromo-cinmnoline (IV; R = Br). 
Dewar (loc. cst.) reported that 4-quinazolylhydrazine was unaffected by acid or neutral copper 
sulphate, but was oxidised by Fehling’s solution, some quinazoline being formed. In our hands, 
aqueous copper sulphate oxidised 4-quinazolythydrazine to an unidentified product, the picrate 
of which gave analyses in rough agreement with those required for a hydroxyquinazoline 
derivative, but which appears to differ from 4-hydroxyqui line picrate (Bogert and Hand, 
J. Amer. Chem. Soc., 1902, 24, 1031). 

A few attempts to introduce an amino-group by replacement of halogen in 3-halogeno- 
cinnolines failed. 3-Bromo-4-hydroxycinnoline gave no recognisable product when heated 
with aqueous ammonia in the presence of copper sulphate. 3-Bromo-4-hydroxycinnoline was 
the only isolable product from the reaction between 4-chloro-3-br line and alcoholic 
ammonia under pressure, but in similar circumstances 3: 4-dichlorocinnoline gave 3-chloro-4- 
aminocinnoline, identical with a specimen prepared from 3-chloro-4-phenoxycinnoline. The 
use of aqueous ammonia in this case gave a mixture of the 4-amino-compound and 3-chloro-4- 
hydroxycinnoline. With either aqueous or alcoholic ammonia 4: 6-dichlorocinnoline gave 
only 6-chloro-4-hydroxycinnoline. The erratic nature of these results, and the experience of 
Keneford, Schofield, and Simpson (J., 1948, 358) and of Baker (/., 1948, 1713) with reactions 
of this type, suggest that they would merit closer examination. 

cit.), by treating 4-chloroquinoline with hydrazine under 
pressure, ed a product, m. p. 129°, which they supposed to be 3 : 4-diaminoquinoline, but 
which, in view of the work of and (es. cit.), must now be regarded as (V). 
Approaching the problem before the results of Koenigs and Freund appeared, we found it 
necessary first to compare Backeberg and Friedmann’s product directly with authentic specimens 
of 4-quinolylhydrazine and 3: 4-di i which they had not done. 4-Quinolyl- 
hydrazine was described by Brydowna (Roca. Chem, 1932, 12, 88; only an abstract was 
available to us), but in trying to repeat the preparation, whilst 4-guinolylhydrazine hydrochloride 
was readily obtained, attempts to form the free base gave a white solid, m. p. 136-—~140° 

loc. cit., gives m. p. 140—142°), which rapidly decomposed in air (Knueppel, 
Annalen, 1900, 8310, 82, reported that 6-quinolylbydrazine is likewise unstable). 3: 4-Diamino- 
quinoline was obtained by w, Friedman, and Gajewski (J. Amer. Chem. Soc., 1939, 61, 
phenylazoquinoline, and by the action of ammonia on 3-bromo-4- 
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comparative purposes). Though only qualitative, the observation is in agreement with the 
calculations of Longuct-Higgins and Coulson (J., 1949, 971), which indicate that C,,. in 
| 
| 
aminoquinoline. fe have now prepared it 3-nitro-4-aminoquinoline, and characte 
it as its hydrochloride and diacetyl derivative. 
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EXPERIMENTAL. 
(M. p.s are uncorrected.) 
were left for 4 days at room temperature. (Under similar 
immediately, pene Se evolution of heat and ae of the product.) wt) Te mixture of yellow crusts and 
hloride formed was col er giving a deep orange crystalline 
91%), m. p. 203-294" (decomp) (the substance turned deep red at 200—210"), The use 
rarine hydrate gave slightly lower yields (81%) 
wocinnoline (0-76 ¢) and hydrazine hydrate (1-5 c.c.; 90%) were heated for 22 hours at 
be. The uct (0-70 ¢ ; m. p. 150-—160") on tion from alcohol gave 
pe 291° (decomp) (changing colour as ), which did not depress 
rom (i) 
sf) Ose crystallisation from alcohol of the product from (i) gave bright orange 
a second crystallisation trom the same solvent gave orange plates, mp 230 le cmp 
(becoming deep red at 180°), ge gave 
(decomp.) (Found: C, 507; H, Si; N, « Tequires C, 50-9; 540; 34-b%). Either 
the high- or the low-melting form of Fo oneal my dom in hot concentrated hydrochloric acid to 
give very small white crystals of a hydrochloride, m 244-—245" (not analysed). Either form when 
treated with bot acetic anhydride gave the diac derivative, which formed white crystals, m. p. 
208-209", trom (Found: C, 586; H, 49 requires C, 58-9; H, 49%). Hot 
formin acid likewise gave the monoformyl derivative, lates, m. p- 
230°, from hot water (Found: C, 57-4; 46. C,H,ON, ee C, 574; H, 43%). When 
treated with thraquinone in boiling acetic anhydride, Feinnot noly thydrazine gavea ydrazono- 
derivative, w yrined glistening red microcrystals, m 268", trom alcohol (Found : C, 746; 
H, #3; N, 150. CH LON, requires C, 75-4; H, 40; 
—As im the above case, 3. 986° (decomp) which formed orange 
; 90%), in alcohol (20 (decomp.)) which formed 
ts of 3-<Aloro- m red at 200-- (Found C, 49 
H, 3-7. C,H,N,Cl ires C, 
OC hloro commod yl — = same from 4: (1-85 g@.), bydrazine 
hydrate (2 «.c ), and alcohol (120c.c ), a product was obtained (0-65 g ; m. p. > 320°) which formed orange 
crystals of m. p. >»320° (turning red at 220°), from alcohol 
ound: C, 401; HLS 
6- Bromo-4-cimnolylhydrazine —4-Chloro-6-bromocinnoline (2-25 g.) likewise gave a product (1-93 
m. p. > 300"), which was digested with alcohol and reprecipitated 
ammonia, forming orange microcrystals of 6-bromo-4-commolylhydrazine, m. p. > 300° (becoming deep 
red at 220°) (Found: C, 41-1, H. 3-3. C,HN,Br requires C, 40-2; 29 


Oxidation of (i) (o-2 was heated under reflux with 


water (2 <¢.), a solution of « sulphate (4 c.c.; 10%) was dropwise during 5 minutes (a 
Vigorous reaction ensued), and the mixture was then boiled for or $ hour. tation, basification of the 
filtrate, and ether-extraction removed an oi] (0-09 .). Dissolved in ether (5 cc.) and treated with picric 
acid [020 g., in benzene (2 ¢.c.)), this CON 
192-5", alcoho! (Found 47:2; H,3-7. Calc. for C,,H,O,N,: C, 46-8; H, 2-5%), identical with 
cinnoline piicrate (Busch and Rast, Ber, 1897, 30. 521) 

(ii) 6Chloro-4-<innolylydrazine (0-5 ¢.) under the same conditions reacted with moderate vigour 
amd yiekied a baff-coloured solid, crystallising from ether—ligroin (b p. 60—80") as pale brown lustreless 

of g), m. p. 119-120" (Pound: C, Ses, H, 35. C,H,N,Cl requires 
, 31%) 

(vit) 4 (2 g.) likewise gave 6-bromocinnoline (0-47 g which formed 
bufl-coloured needles from ether-ligroin (b. p. 60-—80"), m. p. 120-130" (Found: C, 46-0; H, 2-8. 
CHiN, Bir requires C, 46-0; H, 

(iv) Under these conditions 3-chloro-4-cinnolythydrazine underwent violent oxidation, and the tarry 
product could neither be crystallised nor converted into a picrate 

Onidation of 4-Quinazolylaydranine —-4-Quinazolythydrazine (0-2 g.), oxidised as above, gave an oily 
solid which, treated with picric acid (0-1 in alcohol (4 ¢.c.), gave a picrate (0-14 ), forming yellow 
microcrystals, m. p. 151-152", from alcohol (Pound: C, 45-4; H, 26, N, 164 C,,H,O,N, requires 
448, 24) N, 186%) (Bogert and Hand, Joc. give m. p 205° for 4 -hydroxyquinazoline 

rate) 
4 —A solution of (19g), alcohol (45 
hydrazine (3 ¢ ) was left for 3 dave at room temperature, filtered from phenylhydrazine hyd 
the aleoho! removed mm eacwo, and the tarry residue washed with water and dried on a porous plate. 
After repeated extraction with ether and crystallisation from alcohol, the solid gave yellow rhombs of 
(0-52 g.), m. p. 238° (decomp) (Found: 641; H, 50. 
requires C, 63-9; H, 5.5%) 

3-C Alore -«3: 4Dichlorocinnoline (0-5 g.) and phenylhydrazine (0-75 ¢.), 
in alcohol (20 ¢.), were left for @ days at room temperature, and b 
Crystallisation of the crude product from dilate aes gave, i brown leaflets (0-39 g.) of 
m. 134-135" (F , 625, H, 44 requires 


621. 

Hydrochionde —4-Ch inoline (1 ¢.), hydrasine hydrate (1 cc. ; and 
alcoho! (10 ¢.¢.) were heated under reflux for 8 rs in an atmosphere of nitrogen. of the 
alcohol, extraction with ether, concentration of the extract to ca. 20 ¢.c., ont Gong Cae, Soret 
by passage of dry hydrogen chloride, gave a granular solid Recrystallisation dilute alcohol 
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like smell! 


§ minutes. After 10 minutes at this temperature the mixture was cooled and diluted with water, 
(0-30 g.) crystallised from alcohol 43-Nitro-4 

m. p. 261—262° (Found : H, 3-7. C, 57-3; 4.38 

id) 3-N bh rochloric 


619: &7 
p. ( 
The 


ve ydrochloride, m_ 
the diamine into a dsacetyl derivative, which 
m. p. 230--231° (Found: C, 62-2; H, 63. C 
in ane portion Os heated to I at 160°. 
gave a of (o1 Basification of the filtrate from 
[0-67 whch formed tne 
from alcohol (Found: C, 53-2; H, 34. C,H,N,Ci requires C, 53-5; H, 
(0-8 im saturated alcoholic ammonia (10 was heated for $3 
be. Removal of the alcohol from the product, and crystallisation from 
aminocinnoline (0-33 g.), identical with the above. 
(0-5 ¢.), treated in the same way with aqueous ammonia (5 cc.; 4 0-88), 
ga line (0-08 g.) and 3-chioro-4-h (0°33 
Under the above conditions, with either alcoholic or oh) 
6-dichloro-cinnoline gave only the 4-hydroxy-compou 
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87. Reactions of Methazonic Acid. Part I. 
3-Nitrolepidines and 3-Nitro-4-arylquinolines 
By K. Scnorrecp and R. S. Turopacp. 


The course of the reaction between methazonic acid and substituted 2-aminoacetoph 
oa the nature of the substituent. In dilute mineral acid the initial product is a 
i or in some cases the oxime of this derivative. 
i varying degrees when treated with dilute sodium hydroxide solution 
special cases. Derivatives of o behave similarly, leading finally to 


3-nitro-4-arylquinolines. is 


3-Nrrroguinotine and its derivatives have been little studied, probably on account of their 
inaccessibility. Few synthetic routes to these compounds are known. Only eight cases of 
direct nitration at the 3-position have been described, and these concern, either hydroxy- or 
amino-quinolines; they are 4-hydroxyquinaldine (Conrad and Limpach, Ber., 1887, 20, 950; 
1888, 21, 1981; Kermack and Weatherhead, ]., 1939, 563), 2 : 4-dihydroxyquinoline (Gabriel, 
Ber., 1918, 61, 1500; Ashley, Perkin, and Robinson, j., 1930, 382), N-oxides of 4-hydroxy- 


and 4-hydroxy-2-phen , 1921, 64, 1067, 
1613), : 6-di 4: 6-diaminoquinoli 


and derivatives (FP. 779,092; G.P. 613,065; U.S.P. 2,066,730), 7-chloro-4-hydroxyquinoli 
(Breslow et al., J. Amer. Chem. Soc., 1946, 68, 1232), ant 
Swain, J., 1949, 1367). Again, apart from the possible preparation of 

(Friedlander 


3-nitrocarbostyril 
and Lazarus, Awnalen, 1885, 239, 243; Decker, J. pr. Chem., 1901, 64, 101) by a 


3. 3-Nitro-4-aminoguinoline was obtained by @ method essentially similar 
to that since described by Albert of al. (/ Tees. 1284). and also from 3-aitro-4-phenoxyquinoline 
to 
stannous chiorde (4 g.) 19 the same solvent (10 ¢.c.) at 95", and the solution heated at this temperature 
for 2 hours. The mixture was basified with concentrated sodium hydroxide solution, extracted with 
ether, the extract washed with 6n-sodium hydroxide solution and water, and, after drying Tyre » 
the ether was removed. Crystallisation of the almost pure residue (0-6 §) from water gave 3; 
aminoquinoline in two -tree brown prisms, m. p. 171-172" (Found: C, 67-6; 
H, 5&7. Cale. for C,H,N, p. 174°), and the other, 
lustreless brown needle ound: C, 63-6; H, 56; N, 24-7. C,H,N,4H,O requires 
| | 


396 Schofield and Theobald : 


method of limited utility, only two synthetic routes to 3-nitroquinolines are are available. The 
more recent of these (Uhle and Jacobs, /. Org. Chem., 1945, 10, 76; Morley and Simpson, /., 
1948, 2024) depends on the reaction of an aromatic amine with nitromalonaldehyde, and 
limited to 3-nitroquinolines unsubstituted at C,.. The earlier known synthesis utilises the 
reaction between methazonic acid (II) and an o ylaldehyde or ket ul; Re H or 
alkyl), an isatin derivative (1; R = CO,H), or an anthranilic acid (1; R = OH) (G.P. 335,197, 
347,375; Priedlinder, 18, 818; 14, 521), in dilute mineral acid solution. 


Ome + + HO + NH,OH 
a) (HM) ain) 


The methazonic acid syuthesis has received little attention, except for the 
of individual compounds, no systematic study having been reported. Bargellini and Settim} 
(Gazzetta, 1923, 53, 601) — the preparation, described in a patent, of 3-nitroquinoline, 
Renshaw and Friedman (J. Amer. Chem. Soc., 1939, 61, 3320; cf. Jansen and Wibaut, Rec. 
Trav. chim., 1937, 56, 709) reported & yield of 32% in the same instance, and Clemo and Swan 
raised this to 48% by carrying out the reaction in alcohol containing concentrated hydrochloric 
acid (j/., 1946, 867). Clemo and Swan (loc. cit.) also reported successful application of 
the reaction, though with mediocre yields, to 6-aminopiperonal and 6-aminoveratraldehyde, 
but Ruggli and Frey (Helv. Chim. Acta, 1939, 22, 1413) obtained only a complex product from 
4: 6-diaminotsephthalaidehyde. Several workers have prepared 3-nitro-4-hydroxyquinolines 
from variously substituted anthranilic acids (Colonna, Gazzetta, 1937, 67, 46; 1939, 69, 684; 
Musajo, idid., 1937, 67, 222; Bachman ef al., J. Amer. Chem. Soc., 1947, 69, 365; Breslow et ai., 
loc. ct.; Albert, Brown, and Duewell, /., 1948, 1284). It is relevant that these reactions with 
anthranilic acids always proceed through the intermediate formation of a 2-nitroethylideneamino- 
compound (IV; R « OH), the cyclisation of which (always in mediocre yield) has only been 
achieved by sodium acetate in acetic anhydride solution. Applications of the reaction involving 
isatins will be described in a subsequent paper. 

With regard to 3-aminoarylaidehydes and ketones, the original patent describes the use of 
° Idehyde and o wae henone, and a similar reaction procedure was said to be 
applicable to various unspecified (including halogeno-)2-aminobenzaldehydes, and to aldehydes 
and ketones of the naphthalene or anthracene series, Although 2-aminobenzaldehydes are 
difficult to obtain, many 2-aminoacetophenones are now available, and this fact, coupled with 
our interest in the possible products and substances to be obtained from them, prompted the 
present investigation of the scope of the reaction between 2-aminoarylketones and methazonic 
acid, as a source of 3-nitroquinoline derivatives. 

Before examining substituted 2-aminoketones we re-investigated the method described in the 
patent for preparation of 3-nitrolepidine itself, which consists in treating o-aminoacetophenone, 
in dilute hydrochloric acid solution, with aqueous sodium methazonate, and subsequently 
acidifying the solution with an unspecified quantity of hydrochloric acid. The yellow precipitate 
formed at room temperature, said to be a mixture of 3-nitrolepidine and o- etc 
oxime, is stated to be readily freed from the latter by dilute sodium hydroxide solution. We 
noticed, however, that the initial reaction product dissolved completely in cold dilute alkali, 
and only after some seconds was the quinoline derivative precipitated. Clearly, 3-nitrolepidine 
could not have been formed in the origina! condensation, since it is insoluble in alkali, and it 
therefore seemed likely that the reaction, like that with anthranilic acids, proceeds in two stages. 
Recrystallisation of the initial condensation product led to the isolation of 0o-(2-mitroethyl- 


cMeNOH 


avy ) 


was 


nitroethylid ompound by cold dilute alkali 


quantitative, and its facility is in 


kK 
(IV; Rm Me, R, = Ry =H). Cyclisation of the pure 
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great contrast to the case of the analogous derivatives of anthranilic acids (IV; RK = OH), 
mentioned above. Recovery of 3-nitrolepidine by the method described in the patent never 
exceeded 14%, based on the amino-ketone, A small improvement (25%) was obtained by 
careful adjustment of the amount of dilute mineral acid, and by using solid methazonic acid. 
The obvious discrepancy between the fact that (IV; R «— Me, R, « R, «— R, = H) is quantita- 
tively cyclised to (IIL; R = Me) by dilute alkali, and the small overall yield of 3-nitrolepidine 
from the reaction between o- t and methazonic acid under the conditions 
employed led us to a closer examination of them. This particular reaction has in fact proved 
to be complex, and further discussion of it is reserved for a later publication. 

The more convenient procedure using solid methazonic acid was adopted in all subsequent 
work with other amino-ketones, and in most cases it also proved necessary to include an organic 
solvent, usually acetone, in coder to ensue hemaguesus senction The 4-, 5-, and 
6-monosubstituted and 4; 5-disubstituted 2 et examined invariably gave 
compounds of type (IV), always in higher yield than in the case of o tophenone itself 
(Table I). Apart from a general tendency for electronegative substituents, particularly para 
to the amino-group, to facilitate the condensation, the results are not entirely clear-cut from 
the electronic standpoint. One reason for this may lie in the differing solubilities of the products 
in the varying reaction media, but it may also be that in some cases various side-reactions occur, 
similar to those shown to a pronounced degree by o-ami toph though this possibility 
was not investigated. 

Several 3-substituted 2-aminoacetoph were examined, and in each case the reaction 
proved in some way unusual. 3-Chioro-, 3-bromo-, (see below) 
each reacted with methazonic acid in acetone-dilute hydrochloric acid to give paler products 
than the normal condensation derivatives (IV). These gave no reaction for a free amino-group, 
but appeared to be amphoteric since they did not separate from the acid reaction mixture before 
dilution (in contrast to IV), and also dissolved easily in dilute alkali without cyclising to a 
quinoline derivative. At present we regard these substances as the oximes (V; R = Cl, Br, or 1) 
of the related 2-nitroethylidencamino-compounds (Table 11). After melting with effervescence, 
they soldified and remelted at a higher temperature. Although the point was not directly 
proved, it is probable that the second m. p. is that of the corresponding 3-nitrolepidine (sec 
below), formed by climination of hydroxylamine. Available knowledge of oxime-ketone 
hydrolysis equilibria (see, ¢.g., Conant and Bartlett, J. Amer. Chem, Soc., 1932, 54, 2881) does 
not make clear why in these cases oxime formation of the acetophenone should be favoured, in 
contrast to the apparently similar cases of 5-halogeno-2-aminoacet mentioned above. 
2-Amino-3-methylacetophenone with an electron-releasing substituent was expected to provide 
a useful comparison, but in fact it constituted another variation on the normal course of reaction, 
since 3-mitvo-4 : 8-dimethyl. line resulted directly in this case. 3-Nitro-2-aminoacetophenone 
failed to react with methazonic acid in acetone-hydrochloric acid, either at room temperature or 
at 95°. In view of the relative steric effectiveness of halogen, methy!, and nitro-groups, ¢.g., in 
restricting free rotation in the diphenyl series (Gilman, “‘ Organic Chemistry, An advanced 
Treatise,” 1943, p. 362), this failure is probably not due to steric hindrance, and we attribute it 
to hydrogen bonding in the structure of 3-nitro-2 henone (VI; K == Me). 

The second stage of the synthesis of 3-nitrolepidines, the cyclisation of compounds (IV), 
showed interesting variations. In effecting this step with dilute alkali, besides cyclisation, 
hydrolysis to the original amine may occur. The ease of these aoe reactions varied 
considerably. Thus 5-mitro-2-(2-mitroethylid jacetoph (IV; R= Me, R, = R, = 
H, R, = NO,) was converted into 3: during from 
aqueous acetone, and 4-nitro-2-(2-nitroethylid f (IV; R = Me, R, = 

mite etoph (IV; R= Me, R, = NO, R, = R, = H) were 
alkali. 


occur with most other compounds of type (IV), as manifested in the diminished yields of 
3-nitrolepidines (Table Il). The results do not at first sight appear to indicate a consistent 
effect, depending on the electronic character of the substituent, upon the behaviour of these 
Schiff’s bases towards dilute alkali, but it must be remembered that the two competing reactions 
of alkaline hydrolysis and cyclisation are each affected in a complicated way by the character of 
substituents. Depending on its position, a substituent may exert its chief effect on the ketone 
group, increasing or decreasing its electrophilic nature, upon the azomethine linkage, increasing 
or decreasing its ease of hydrolysis, or upon the nitroethylideneamino-group, augmenting or 


alkaline hydrolysis was confined to the Bz-nitro-compounds, some degree of hydrolysis did 


Schofield and Theobald : 


2-7 


* Insufficient of the compound was available for cyclisation. 


tion from aqueous acetone caused cyclisation 


ted crystallisa’ 


CHOWN, 


CoH 33-9 


Solvent. 
Acetone 
Acetone 


Taste Il 
NICH-CHNO, 


) 
Pale yellow prisms Acetone 


Form. 
Pale yellow leaflets 


Pale yellow cubes 


(218—219°%) 
7-208) 


170 
170 ( 


140 (183—184) 
1 Yield of crude product. 


uct —usually substantially pure. 
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The importance of the last effect is seen 
sean Ge that this mode of cyclisation may involve the anion (VII) of the aci- 
Thus the 5-nitro-group will to a small extent increase the electrophilic nature 


N=CH—CH=N N=CH—CH—N® 
o 


of the carbony! group, and will greatly strengthen the pseudo-acid by increasing the stability 
of the anion through resonance (VIII), thus facilitating cyclisation. The 4-nitro-group, whilst 
having a smaller effect on the strength of the pseudo-acid (cf. the dissociation constants (10° K) 
of benzoic acid (6°27), acid (37°6), and m-nitrobenzoic acid (32-1); Watson, 


N=CH-CHy NO, 


<> 


N=CH—CH—NO, “N—CH=CH-—NO, j 
(VINE) ax) 


“ Modern Theories of Organic Chemistry,"’ 1941, p. 27), will, on the other hand, exert its main 
influence by increasing the electrophilic character of the ketone group. In either case, under 
the faintly alkaline conditions represented by aqueous-acetone solution, cyclisation could be 
encouraged without serious interference from hydrolysis, With compounds of type (IV), 
however, electronegative substituents clearly facilitate hydrolysis, so much so that with the 
Bz-nitro-compounds the reaction is so rapid in cold alkali as to forestall cyclisation. In other 
cases, ¢g., that of 2-(2-nitroethylidencamino)-5-methylacetophenone (IV; R = Me, R, = R, = H, 
R, -= Me), whilst hydrolysis would be slower, the strength of the pseudo-acid will be decreased, 
as will the electrophilic activity of the ketone group, so that the yield of 3-mitro-4 : 6-dimethyl- 
quinoline actually realised represents only the unpredictable balance of these complicated factors. 

Clearly, the most satisfactory type of cyclising agent for use with compounds (IV) would be 
one which allowed the conversion of the side chain into the ionised aci-form, or alternatively 
was able to cyclise (1V) without ionisation, and in either case did not allow hydroxylic attack 
at the azomethine linkage. During experiments on the reaction between methazonic acid and 
aminoacetophenone it was noticed that quantitative ring-closure of (IV; K =< Me, R, = 
R, = R, = H) to 3-nitrolepidine occurred in aqueous acetone in the presence of activated 
alumina. This procedure proved applicable, with equal success, in the case of substituted 
o-(2-nitroethylidencamino)jacetophenones, Recovery of the substantially pure quinoline 
derivatives approached the theoretical, even in the cases of (IV; K = Me, R, = H, R, = H 
or NO, R, = NO, or H). The only instance among acetophenone derivatives in which 
a concomitant degree of hydrolysis occurred under this treatment was that of 6-nitro-2- 
(2-nitroethylidencamino)acetophenone (IV; K = Me, R, = NO, R, «= R, = H), the yield 
of 3: G-dinitrolepidine being 75%. This we attribute to steric hindrance between the nitro- 
and the acety! group (see below). 

The compounds (V), arising from 3-halogeno-2-aminoacetophenones, were also capable of 
cyclisation to S-Aalogeno-3-nitrolepidines by treatment with alumina. As indicated above, the 
m. p. of the quinoline corresponded in each case to the second m. p. of the related compound (V). 

The ambiguous wording of the original specification (G.P. 335,197) led Hollins ( The 
Synthesis of Nitrogen Ring Compounds,’ London, 1924, p. 285) to state that o-aminobenzo- 
phenone had been utilised in a quinoline synthesis with methazonic acid, but in fact this reaction 
was not mentioned, and 3-nitro-4-arylquinolines have not been described. Since compounds 
of the latter type promised to be interesting in several connections, we describe here the reaction 
of some 2-aminobenzophenones with methazonic acid, reserving for a later paper a description 
of some reactions of the products obtained. 

oAminobenzophenone reacted with methazonic acid in acetone-hydrochloric acid to give 
a high yield of benzophenone, 
benzophenone was obtained similarly. The nitro-2-aminobenzophenones presented a further 
interesting parallel to the nitro-2-aminoacetophenones. Thus 3-nitro-2 
failed to react with methazonic acid, presumably because of hydrogen bonding (V1; R = Ph). 
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The other isomers provided good yields (Table I) of 4-, 5-, and 6-mitro-2-(2-nitroethylidencamino)- 
benzophenone, which, as expected, proved to be much less labile than their acetophenone 
surviving crystallisation without cyclised. 

(IV; R= Ph, R, = R, = R, = H) and (IV; RK p-C,HyOMe, R, 
dissolution in dilute alkali, were quickly converted into 3-wifro-4-phenyl- and 

ethoxy ph line, respectively, some hydrolysis also occurring. On the other hand, the 
nitro-compounda were again completely hydrolysed in these circumstances. Once again, 
activated alumina proved a valuable cyclisation reagent, and by its aid 4- and 6-nitro-3- (2-nitro- 
ethylid henone, as well as the derivatives of o 
2-amino-4’- -methoxybenzophenone, were cyclised quantitatively. The poor 


It is interesting that 2-2 inob yipyridine reacted with methazonic acid in dilute 
acid to give 3-nilro-4-2’-pyridylquinoline directly, presumably because of the 
increased electrophilic activity of the carbony! group caused by protonisation of the pyridyl 
nitrogen atom in acid solution. In contrast l-aminoanthraquinone provided 1-(2-sitroethyl- 
janthragq (IX), but no method of cyclising this compound has yet been found ; 
both caustic alkali and alumina effected complete hydrolysis, whilst sodium acetate-acetic 
anhydride left it unchanged. 
Various reactions, absorption spectra, etc., of the products described above will be described 
in the future, as will be the reaction of methazonic acid with some aniline derivatives. 
3-lodo-2 etoph , used in the present work, was obtained by reducing 3-10do0-2- 
prepared by a Sandmeyer reaction on 2-nitro-3 pacetop . It 
was characterised by conversion into 8-10do-4-hydroxycimnoline on diazotisation. 


EXPERIMENTAL. 
(M. p.s are uncorrected.) 
@ nitro ~chloro- bromo-2 cet 
et al., J., 1945, 646; ‘Leonatd and Bova, Org. Chem, 1946, 11, 405; Schoteld and 
a 


796). 2-Nitro-3- and Boyd, joc. cf. Schofield and Swain, "1948, 


1367). 4Chioro-2 (Atkinson and Sim 1947, 232). 2-Amino-3- -methyl- 
acetophenone (Sim i . 2 2. amino-4 : 5-dimethyl-, 2-amino-4: 5- 
teno-, and 2-amino-4 (Schofield, Swain, and bald, J., 1049, 
2399). 2-Amino-1 4-diacetylbenzene (Schofield a and Theobald, sid., Bene. 6-Aminoacetoveratrone 
(Simpson, /., 1946, 04). oA (Hewett al, 1048, 292), 2-Amino-4’-methoxy- 
henzophenove ( loc. cit.). ?, 3-, 4, 5-, and 6-Nitro-2- (Schofield and 
Theobald, unpubl 2-2". Aminobensoylpyridine (Schofield, J., 1949 

Methazonic acid was by Steinkopf (Ber, 1909, a. 5081), and the product treed 
from sodium chloride by extraction with ether 

2-(2-Nutroethylideneaminojaryl Ketones.—-ln each case the amino-ketone and methazonic acid were 
dissolved in water, concentrated hydrochloric acid, and, in some cases, acetone, the solution left overnight, 
and the product collected and crystallised. The following table, in conjunction with Table 1, summarises 


Vol. of Wt. of crude M. p. of crude 


conc. HCI product uct 
(c.c.). (g.). 


15 109— 120° 
182 


| 


15 
* Slight concentration of the solution was effected in isolating the product. 


with respect to the amino-ketone, was used. The products are, in Seach pdlom tans 
DD 


he, 3. +, 
“mpson 
25 217° 204— 206 
4 Oss 207—208 
lo 187—188 
4 O35 194 106, 
1 0-16 188 —191 
2 196-201 
O16 175—180 
ool 216-—218 
il 10 150 4 1098 212—213 
12 10 20 10 10 1-405 130-—133 
13 10 20 156— 158 
4 i” 0-92 168—170 
6b O-5 0-42 175—176 
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the best Sos being bet 
alcohol, benzene, of chloroform, and almost insoluble in ether or water 
etoph Oximes.—In these cases the 3-hal 2 toph 
in acetone, water, and hydrochloric acid, again with 1 und 
ee table) only separated after tion with water, or removal of 
tion (see Table 


Vol. of Vol. of Vol. of Vol. of Wi 
acetone water conc. HC] water added product 


The nitroethylid ompounds were 

with geatie warming In a few cases the substance dissolved, giving a 
yellow solution which rapully deposited the quinoline ——- or more usually deposition began before 
dissolution was complete. The products were collected and washed with water, whereupon in most 
cases substantially pure compounds were obtained. For analysis, c . 
acetone, alcohol, or aqueous alcohol was effected (Table III). Such alkaline treatment of Bz-nitro- 
nitroethylideneamino)-compounds led only to recovery of the parent amine. In other cases, 
hydrolysis was indicated by acidification of the reaction liquor, by diazotisation and cow 
with alkaline Boaphthol. The 3-halogeno-2-(2-nitroethyl none Oximes 
readily in dilute alkal but no precipitate appeared subsequently, and the achlifed solution gave no test 
for a primary amine 

(6) An acetone solution of the nitroethylid in (i was treated with 10 parts of activated 
alumina, and left overnight. Usually the ‘solution lightened j in colour the 
from alumina and removal of acetone usually gave the substantially y slight 
stickiness was removed by trituration with a little cold ether. In ‘the poh of 6-nitro- 
ideneamino)acetophenone and the analogous benzophenone, the ucts, after removal of the acetone, 
wore oily, and the pure quinoline was only isolated with some difficulty, especially in the second case 
where the parent amine and derived quinoline showed similar solubilities 

solution of 2-amino-| : 4-diacetylbenzene (1 and methazonic acid 
(0-59 g.) in water (50 c.c.) and concentrated hydrochloric acid (10 ¢.c.) was left for 24 hours, and the 
precipitate collected, washed, and stirred with dilute alkali. Crude 3-nitro-7-acetyl-lepidine (0-50 g) 
separated, and crystallised from alcohol in colourless needles, 150—151°. 

3- solution of 2-2’-aminobenzoy (1 «) and methazonic acid 
(#65 g.) in water (10 cc.) and concentrated hydrochioric acid (5 c.c.) was left overnight, neutralised with 
sodium acetate, and extracted with chloroform. The dried (aS) extract yielded a sticky solid, 
crystallising in pale yellow flakes of 3-nitro-4-2’- yiquipoline (0-87 ¢), m. p. 113-114" 

3- Nitro-4 —A solution of 2-amino-3-methylacetophenone g.) and methazonic 
acid (0-07 g.), in acetone (5 cc.), water (5 c.c.), and concentrated hydrochloric acid (2 c.c), was left for 
24 hours. Removal of the acetone and addition of water ipitated the crude guntinet (0-09 &., Mm. p. 
103.106"), which separated trom dilute ethanol in colour microneedies, m 116—117° 

3-lodo 2 astroacetophenome —2-Nitro-3 (3 g.) in hydrochloric acid (30 c.c. of 
¢a. 106.) was diazotised at 6° with aqueous sodium nitrite (20%). Excess of nitrous acid was 
with urea, potassium iodide (3-4 g. in 10 c.c. of water) added, and the ng collected after 1 hour. 
Trituration with is little ether, and crystallisation from benzene-ligroin (b. p. 60-80"), gave the 
substantially (2-2 3-ledo-2-nitroacetophenone formed butt leaflets, m. p. 97-—98° 
(Found : C, 33-77; H, 246. C,H,O,NI requires C, 33-01; H, 2-08 

3- lodo- 2-amunoacetophenone.—-The above compound (2 g.) in acetic ‘acid (10 cc ) at 05° was treated 
with iron powder (1-6 g. added during | hour), tions of water (5 x 2c.c.) being made at a 
intervals. After | hour more at 05° the mixture, after dilution, to the y 
(1-51 ¢.). formed golden-yel prisms, 

36-41; H, #11. requires C, 36-80; H, 309%), when 
{b 

lodo-4-hydroxycianoline.—The hydrochloride suspension formed from the above amine (0-2 g.) and 
concentrated hydrochloric acid (5 c.c.) was diazotised at 6° with aqueous sodium nitrite (10%), and the 
solution left at room temperature for 5 days. The mixture was heated for a short time at 95°, and the 
ipitate collected (O04 ) formed pale yellow leaflets, m. p. 261—262° 
Found : C, 35-74; H, 1-88 C,H,ON,I requires C, 35-30; H, 1-85%), from ethanol 
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NOTES. 
The Behaviour of the Copper Electrode in Dilute Copper Sulphate Solutions. By A. A. Movsa. 


+ 0-030 log + 0-060 log ao,” 


vit, and respectively.  amoun With the values chosen for 
» vit. 03457 and 60-5220 v vely, to Setting K as 
accounts, in past § for the 
non-identity of the calculated potentials, at least 
in solutions of high cupric-ion —— where, by 

subtracting 0-Saq, supposed to be 
the original cupric-ion activity remained practic 


In the second place, the Cu-Cu™ potential in 
different cu ton activities wes calcel- 
ated as 0-5 ( » + Boy a procedure which 
is valid only if the system is in true thermo- 

uilibrium. That this was not the 
calculated activities would have 


whieh the potential have 
negative potential. 
rot 
x K) should thee hold and can be solved for with any knows as 
ted by the data in the following table. 


Lore 
aes 
10 
these results the equation the corre- 
sponding -(o) were then calculated. K was set as 1 


The above derived activities stand, no doubt, for true 
of the different potentials is satisfied. Hence, the copper gE c= 
be y deduced from any of the following ; 


E + 0-030 log 
= + 0-060 log (e) 
OF + 0-060 log 


Bow by abetting the theoretical curve B-B, shown in the figure, is obtained, 
a which possesses its own slope and does not coincide with that for the pure Cu-Cu’ system 
however, that the teand of thocerve dapendetn the Gest gions an the 
of a solid phase that would icipate in an son-determining system, which is hardly the case 
solutions ing to (J., 1948, 740), the precipitation pli of 


. According 
CaQH ata surface ‘ necessaril mates to that of the most 
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Tux behaviour of the electrode in dilute copper oiehahe solutions has recently been reported 
by Tourky and EI Wakkad UJ., 1948, 749). The potential-activity curves obtained by the authors 
showed a which was assumed to signify a pure Cu—Cu’ electrode reaction in solutions of cupric-ion 
activity, 4,.°. lower than ~10%. Such an assumption, however, is not justifiable since it would involve 
a complete breakdown of the equilibrium Ca™ + Cu which should mecessarily be 
the results which to A an 

the break observed is put forward 

the Gast place, tho diderent vainse scsigned tp the constant of the tection 
Ca” + Ca => 2Cur were discussed in detail and 10* was selected as the most suitable value for 
calculations. Since, however, a true thermodynamic equilibrium should necessarily identity 

of 
“2 
readily been revealed if solutions of 4.,°- infini 
ted with consequent to or ~10°* (with as the most probable value 

above value as long as the pH remainsconstant. Any excess of cupric ion over that necessary to maintain 


Ampasma, Cato, fever. (Recewod, June 16th, 


The Removal of Terminal Groups from Peptides. By A. L. Lavy. 


Coox, Her.eron, awp Levy (/., 1948, 201) described the first example of an unusual reaction of a-amino- 
amides, namely the cyclisation of N-dithiocarboxyglycine amide (11; RK «— R’ « H) with cold mineral 
acid to give 2-thiothiazolid-b-one (111; RK — H) in high yield, with resulting fission of the peptide 
linkage. An analogous series of transformations has since been carried out with the amides of pt-phenyl- 
alanine and pi-phenylglycine (Billimoria and Cook, /., 1949, 2323), pt-alanine (Cook and Levy, in the 
press), and L-tyrosine, L-leucine, pt-methionine, pt-norleucine, .-glutamine, DL-e-aminorsobutyric acid 
and pt-aminomalonic acid (Davis and Levy, to be published). A particularly interesting example of 
this reaction arises when NH,K‘ represents an amino-acid or peptide, in which case it should vide a 
method for the removal, and tification, of the terminal group in the peptide or polypeptide fy. This 
possibility has now been realised in the following four examples : 


R-CH-CO-NHR’ R-CH-CO-NHR’ R-CH—CO CHyCH-CO-NH-CH,-CO,- 


(h) (IL) (tL) (Iv) 


pt-Alanylglycine in 2 equivalents of 6-34%-bariam hydroxide was shaken with carbon disulphide for 
19 hours at room temperature, whereafter evaporation aflorded the colourless bartwm salt (IV). This 
was acidified with x-hydrochloric acid to pH 3—4 to give 2-thio-4-methylthiazolid-5-one (111; K.= Me) 
in 76% yield. Similarly. when pt-alanylglycyighycine was shaken with carbon disulphide and 0-34n- 
barium hydroxide, acidification of the resulting solution gave (III; R = Me). Giycylighycine was 
con with carbon disulphide as in the two previous examples, whereafter acidification precipitated 
(111; R« H) in 351 yield. in 2 equivalents of 


Lab. Carlsberg, Chim., 
has utilised the reaction of amino-acids and peptides with carbon disulphide in a quantitative manner to 
determine the number, and to a limited extent the type, of terminal amino-groups present. In combin- 
ation with the above results, this should provide a useful method for elucidating the amino-acid sequence 
in peptides, and this possibility is being investigated 

A preliminary account of another method for the determination of amino-acid sequences, which 
involves removal of the terminal residue under anhydrous acid conditions as a 3- yl-2-thiohydantoin, 
has been described by Edman (ist. International Congress of Biochemistry, bridge, 1949; Arch. 
Biochem., 1949, 22, 573) 

E eperimental —or-Alanylgtycine (Cook and Levy, in the press) (0-584 g.) in 0-339N-barium hydroxide 
(23-6 ¢.c., 2 equivs.) was shaken with carbon disulphide (1 ¢.c.) for 19 hours in a nitrogen atmosphere, 
and the resulting orange solution (pH 9) decolorised with a stream of carbon dioxide, which also removed 
a little free barium hydroxide as barium carbonate. Evaporation in a vacuum yielded barium (N-dithio- 
carboryalanyl\glycime (IV), which recrystallised from aqueous ethanol as a colourless, microcrystalline 

wider, m. p above 280°. and was dried at 100°1 mm. (Found: C, 194; H, 37; N, 7-6. 
Ba requires C, 20-1; H, 2:2; N, 7-8%). The barium salt (1-45 in water (8 was 
acidified with s-hydrochloric acid (8 ¢ c.) (pH then 3), whereupon 2-thio-4-methyithiazolid-5-one (III; 
RK = Me) crystallised in needles, m. p. 125-126" (0-45 g.. 75%). When acidification was effected with 
acetic acid, (111, R — Me) separated more slowly, and in poorer yield 

(Pischer, Ber, 1903, 96, 2982) (0-61 in 6-339N-barium hydroxide (18 c.c., 
2 equivs.) was shaken with carbon disulphide (1 ¢.c.) for 18 hours in a nitrogen atmosphere, and the 
yellow-orange solution acidified with 2x-hydrochioric acid (3-2 cc). Extraction with ethyl acetate, 
after drying and evaporation, yielded 2-thic-4-methylthiazolid-5-one, m. p. 122—125°. 

Glycyigiyeine (Freudenberg, Ber, 1032, 1191) (0-66 ¢) in 0-330n-barium hydroxide (29-5 c.c., 
2 equivs.) was shaken with carbon disulphide (1 cc.) for 22 hours at room temperature, under nitrogen. 
The solution went through a maximum orange colour and then became yellower, and a little hydrogen 
sulphide was produced. A portion (10-5 c.c.) was acidified with concentrated hydrochloric acid (2-5 ¢.c.), 
whereupon 2-thiothiazolid-d-one (111; RK « H) separated slowly; the solution and crystals were 
extracted with ethyl acetate to secure the full yield (0-12 @., 51%). The remainder of the dithiocarbamate 
solution (pH 8) was saturated with carbon dioxide (pH then 6-5), and evaporated to dryness in a vacuum 
to give yellow bariam (\~<lithiocarboxyglycyl)glycine, which could be precipitated cleanly from aqueous 
ethanol. It exhibited a bright red fluorescence in ultra-violet light 

pt-Phenylalanylglycine was conveniently synthesised by the procedure of Wessely and 
(Z. paysiol. Chem, 1926, 187, 91) from and glycine, the former 
teagent being prepared by an improved method (Levy, Nafere, in the press), Thus, ot-phenylalanine 
(4 @.) was suspended in a solution (40% w/w) of carbony! chloride in toluene (150 c.c.) and tly heated 
antil refluxing. After boiling for a further 4 hours, the clear solution was cooled to 0°, pt-anhydro- 
N-carboxyphenylalanine (2-7 g.), m. p. 125°, collected. A further 0-5 g. (total yield, 69%), m. p. 
was obtained by concentration of the filtrate In another preparation, phenylalanine (1-0 g.) was 


Notes. 

the equilibrium state (horizontal line C) will be reduced at the metal surface to cuprous, a process which 

will lead only to the further development of the solid phase separated. The potential, on the E-ao.--(0) 

plot, will then be denoted by the point 6. The trend of the break manifested thereby is not at all 

comparable with that for the pure Cu—Cu‘ system , hence its extrapolation to meet the potential axis is 
© the above amendment which 
Scrence, Fovap I University, 

N- potassium hy troxide was combined with carbon disulphide at room temperature, whereafter addition 
of hydrochloric aid caused the separation of 2-thio-4-benzylthiazolid-5-one (111; R CH,Ph 
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ca wiw; 25c.c.) for 1-25 hours, whereafter the carboxy- 
anhydride ((-75 g crystallised, on .m. p. 

carbon dioxide vigorously at ~155°. g. (total yield, 70%), m. p. 127-—128", was obtained 


as to Sir lan Heilbron, D.S.O., PBS. and A. Cook tox 
interest in this , and to the Department of Scientific and Industrial Research for a Senior Research 
Cousen or ane S. Kewsinoron, Lonpow, S.W.7. (Received. 
August 1949.) 


yew Oe aes Sulphates, and the Isolation of Copper Salts. 
By H . Hopeson and 
in view of the recent paper by Cowdrey and Davies (/., 1949, 
plexes in the S tak some work done by us on a modified Gattermana 


reaction during 1935-1937 is of interest. It was found that, when copper reacted with aryidiazonium 
sulphates, deamination occurred to an extent which varied according to the amine employed, and also 
that the amount of phenol (or naphthol) which could be directly isolated by steam-distillation was 
generally less than expected. The steam-distillation residues contained oa om pounds which were 
sparingly soluble in boiling water were dec by alkali to phenol or sor It 
would , therefore, that the low yield of or naphthol could be accounted for in part by these 
copper The salts are usually white, or yellow in the case of the nitro-compounds, do not melt but 
whee and are attacked slowly by cold mineral acids, which become 
green, while the solid discolours and in some cases becomes . Unfortunately, only analyses for 
the copper content of these materials are available but, as can be seen {rom the table, these 
to the structure Ar-O-Cu. These and other reaction er me recorded in the table below. 

mental - 


Expert -—Preparation of the reduced of crystallised copper (60 
in hot water (500 c.c.) was stirred with zine dust (15 .), “added ond tee ted copper 
filtered off and washed. 

General reaction procedure. A solution of the amine (5 g.) in sulphuric acid (25 c.c. ; do geen ae! 
(150 c.c.) was diazotised below 5° with the calculated amount of sodium nitrite in water, the excess of 
nitrous acid removed by urea, and the mixture treated gradually at room tem ture with the — 
paste (rather than vtce versa) to avoid the copper surface becoming coated with reaction products 
mixture was kept overnight, and then steam-distilled to remove the deaminated product (phenol or 
naphthol) and any volatile diary! such as diphenyl. The steam-distillate was made alkaline and extracted 
with ether to remove all but the phenols, and then acidified cold with sulphuric acid and again extracted 
with ether to remove the latter The steam-distillation residue was repeatedly extracted with hot water 
and the extracts were filtered hot; “aenahel enantio, tae after several hours, white or yellow 


copper compounds of the respective ph hth The final residue was extracted with hot 
aqueous ium hydroxide to decompose any remaining copper « d hed with water, dried, 
and boiled with benzene to remove non-volatile diaryls and ‘azo-compounds In the cases of the nitro- 


naphthylamines, the products listed as (1) in the table are those obtained by the addition of copper to 
the solutions obtained after their diazotisation by the glacial acetic-nitrosylsulphuric acid procedure 


(Hodgson and Walker, /., 1933, 1620), whereas the products listed as (2) are those obtained after dilution 
of the acid mixture with ice (100g). 


Reaction Products (in g.) from Individual Amines (5 g.). 
(The amounts are the mean of three experiments.) 


Diazonium ated com- phenol 
sulphate. product pound. naphthol. dinaphthyl Yield. Ca, %. Cu, cale. %. 
0-2 os o3 None 
o-Chiorobenzene ......... O25 12 o1 -- 326 33-0 
20 o2 O25 32-8 33-0 
o-Nitrobenzene ......... o2 0-5 25 O25 32-3 31:3 
0-65 O48 None -- 
1 24 os Os 26-0 26-2 
2-Nitronaphthalene-1 (2) 13(2) 
4-Nitronaphthalene-1 (1) 1-6 (1) os os 
0-15 (2) 2-0 (2) 
02 25-8 25-1 


from the filtrate ; 

The peptide (03 g.) im 1-lx-potassium hydroxide (2-7 cc., 22 equivs) was shaken with 

carbon disulphide (0-5 c.c.) for 3 hours in nitrogen, and the resulting solution extracted with ether, 

cooled to 0°, and acidified with concentrated hydrochloric acid (10drops). 2-Thio-4-benzyithiazolid-5-one 

separated as a gum which slowly solidified, and recrystallised from ethanol in needles, m. p. 159° 

Deamir Aro Free Total 
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cach was ignited with nitric acid and the copper weighed as oxide after 


The authors thank, Imperial Chemical Industries Ltt, Division for gifts of chemicals.— 
Tecumicat Cotcece, (Received, Septensber 1949. 


The Reduction of Toluene-p-mlphonic Esters. By G. W. Kenwer and M. A. Murnay 
Tue redaction of tot p-sulph has recently been studied by Schmid and Karrer (Heic. 
Chim. Acta, 1949, 92, byaride 1969, S 178) using 
Raney nickel and hydrogen the results of these two mvestigations form an interesting contrast. 

Whereas the customary hydrogenation converts the aryl toluenesulphonates into aromatic hydro- 
carbons, and the alkyl esters into alcobols, lithium aluminium hydride, in general, yields phenols and 
de-oxygenated aliphatic compounds respectively. As we remarked in our paper, this latter mode of 
fission is in line with the well-known decompositions of tol esters by 
nucleophilic Karrer (loc cit.) have also drawn attention to the analogy between 
the reactions of lithium alaminium hydride and those of the Grignard reagents It is therefore suggested 
that these reductions may be represented as follows, lithium aluminium hydride being asa 
source of potential h tons 


ArH 
<M, + HO-SOYC,H, 
— ArOH + HO-SO-C,H, and reduction products 


Alk-OH + reduction products of HO-SO-C,H, 


blicased reactions of lithium aleminiam hydride, for with carbonyl groups (see, 

taser alia and Amer. Chem. Soc., 1947, @, 1197, 2548) and epoxides (see, inter alia, 
Plattner, Heuser, and K ulkarni, Helv. Chim. Acta, 1948, $1, 1885), as well as the characteristic 

estion of Professor V. Prelog, one of us allowed lithiam aluminium hydride to react with 

mulphate and found the major product to be strychnidine. That is, the amide linkage had been 

reduced and the methyl which is more suse 

been displaced 


(ef. Hughes, Trans. 1941, 87, 607), 


“> Dw + cH, 


exceptional cases of 3-toluene- 2-5: lidene glucose and 1|-toluene-p- 
3-4 5-dusopropy lic 6.) may well be examples of 
ster hindrance in such reactions 

Strychnidine.—-Strychnine methosulphate (Clemo, Perkin, and Robinson, /., 1927, 1589) (4-60 ¢.) 
was added during 15 minutes to lithiom aluminium hydride (1-14 g.) in tetrahydrofuran (25 c.c.) with 

The mixture was shaken for 4 hour without cooling and then heated to boiling during 14 hours 

before being poured into ice-water (70 ¢.c.}. Chloroform (50 cc.) was then added, the solid filtered off, 
and the filtrate loo entensted with chloroform after being made alkaline with ammonium. The solid was 
stirred with 3 portions of chloroform, and the combined extracts of the aqueous and the solid phase 
were dried and evaporated. Kecrystallisation of the resulting solid (2 g.) from ethoxyethanol yielded 
strychnidine, m. p. 258" (in vac.; corr.) (undepressed by an authentic specunen), [a}j? —63° —e 3 Sx 16 
in chloroform) (Found, in material sublimed at 150° 0-01 mm. C, 78-5; H, 7-45. . for C 
Cc, H, 765%). Usiversrry LaponaTory, and Rovat 
Coucecs, University of Lowpon. October 14th, 1949). 


The Preparation of 2-Ethoryethyl Chloride and Bromide, By D. E. Ames and R. E. Bowman. 


Ix connection with another investigation we wished to prepare certain 2-alkoxyalky! halides. There 
are many = in the literature of such preparations, differing, however, - conmderably 
— to ids obtained. Bennett and his co-workers (/., 1925, 127, 1270; 1927, 270, 47 

J. Chem, 1939, 4 334), and Hurd and Fowler (J. Amer. Chem 1939, 
249) used the iate thiony! halide in the presence of a base (Darzens, Compt. rend., 1911, 168. 
1314). Use of Php horus tribromide has been dedtribed by Palomaa and Kenetti (Ber., 1931, 648, 
797), Harrison and Diehl (Org. Synth. 28, 32), Chal (Canadian /. Res, 1932, 7, 464), and Hurd and 
Fowler (lee. cit.) for the same pu 

We - ployed the readily available 2-ethoxyethanol as model substance using 

thionyl chiorude and bromide under conditions described by Gerrard (/., 
obtained excellent, reproducible yields. Furthermore, we have confi 
more than one molecular proportion of base reduces the yield although excess of thiony! halide is not 


deleterious 
The following method gave the best It ixt 
2-ethoxyethanol (| mol) was cooled to — “90° and the appropriate thiouy! halide (1-1 mols.) added 


wes teunted with dilute acid. 
were washed with dilute sodium slut 
careful distillation through igreux column 
as 


Excess of 
(3 mols), under the same conditions reduced 


We are indebted to the Medical Research Council for a grant which has enabied one of us (D. E. A.) 
to take part in this Lonpon, E.C.4. (Receiwed, October Bist, 1 1949.) 


Diterpenes. Part II. The Optical Rotation of Hoshing’s Kaurene. By Linpsay H. Baicos and 
W. L. Tavtor. 


Hosxine (Rec. Trav. chim., 1928, €7, 578; 1930, @@, 1036) described a 
from the essential oil of Agathis australis ( kauri“), 
the hydrocarbon was regenerated by the action of alcoholic 
to tsokaurene, m. p. 64", on treatment of its hydrochloride with alka kaurene 

tsokaurene form the same bh and dihydro-derivative, typical of compounds whose tsomeriasm 
is caused by the change of the double bond from an exocyclic to an endocyche position. The m. p.s 
that in both cases he was dealing with an impure form of isokaurene. 

A larger discrepancy occurs, however, im the optical rotation of Hoski 
Although Hosking’‘s diterpenes fraction which the hassene was was 
all the rotations observed on solid products derived therefrom had zero values. On 
all our products had definite kevorotations (loc. cat.). With the number of asymmetric centres present 
im any tetracyclic structure possible for h on an isop plan (possibly five) it is difhcult to see 

Through the courtesy of Professor L Ruzicka, to whom we Dave 
to re-examine an original sample of dih by H 


y 
> 2-0 in chloroform) in 


30-7 038 in trom 
One of us (W. 1. 


University Cot_ece, AucKLAND, New Zeatanp; and Ero. Tecuxiscnen Hocuscuute, 
(Received, Nowember 14th, 1949.) 


Dimorphisom in Acenaphthene-3-aldehyde. By Joun H. Gorvin. 
rom acenaphthene , Gattermann synthesis was reported H 
’ 1936, 344) to melt at wently Pieser and Jones (/. Amer. Soe., 
1666) obtained by the N- oxychiornde procedure a substance, 
m. 107-4—108". Each of these products gave of being acenaphthene-3-aldeh yde 
n the present investigation no difficulty was encountered in the 
aldehyde, m. p. 107—107-5° (corr), by either method. It was there o 
product obtained by the earlier workers, and | am very grateful to Dr. L. E. Hinkel and Mr. E. E. 
Ayling, of University College, Swansea, for available a specimen of their orginal crude aldehyde. 
The contaminant of this material proved to be a very small amount of tar which was difficult 
y by crystallisation from hg 


by the Swansea workers (Joc. cit.) from their aldehyde, m. p. 87°. 
85", showing no “This 
aad non (loc eit). This su 
high-m. p. form after filtration of its light-pet 
amount of tary material present in the 
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with sturring at such a rate that the temperature did not rise above 0°. The reaction mixture was then 
heated at ~ for 2 hours. When cold, 
uct isolated ether. The ethereal extracts 
dried (Na,SO,), and the solvent was removed 
he product was then obtained by distillation of 
was obtained (yields in parentheses) by use of 
84%). The bromide was obtained in 70% yield 
With dimethylaniline as base, an increase in the proportion of thionyl chloride (3 = was without 
significant effect on the yield of a ), di 
aniline (2 mols.), and thiony! chlonde the yield ot cherie 
to 40%. 
| 
| 
remained st tie m. p. 
wr 
kau 
m. p. 87 When however the warm petroleum solution was filtered through activated alumina held in 
a sintered-glass Bichner funnel the clear filtrate deposited crystals, m P 107—-107-6", of authentic 
acenaphthene-3-aldehyde. A similar product was obtained on hydrolysis of the anil, m. p. 97°, prepared 
petroleum mother-liquor 
on on mixed with 
larly as the 
Jequate to account for a 
modification 
of the aldehyde and had inhibited the change to the stable, high-m. p. form which would be expected to 
occur on fasion or long storage. Confirmation of this was obtained by undisturbed cooling of pure 
molten acenaphthene-3-aldeh ; often the melt crystallised rapidly to give the high m. p. form but 
ca, 89°, fusion of which was by crystallisation of the meit in the form, m. p. 107-—-107-6". 


ailability of activated adsorbents has greatly is procedure 
increasing av o va’ in many cases _- 
Weticome Laporatontes or Troricat Mepiciwz, Lonpos, N.W.1. [ 1949.). 


Synthetic Ribomucteossde 2° Phosphates By D. M. Brows, L. J. Havwes, and 


je Ben Michelson and Todd (/., 1949, 2476) described the synthesis of a number of 
derived from the natural ribonucleosides, adenosine, guanosine, cytidine, and uridine. 
pay es the rr of this work the benzylidene derivatives of ad and ¢ were phosphorylated 
and the ewe | groups subsequently removed, yielding products which were assumed to be 
and guanosine-2° p This ppeared to be warranted on 
the mal that (i) the condensation uct of guanosine with benzaldehyde was shown by Bredereck 
and Berger (Her, 1040, 73, 1124) and by Galland and Overend (/., 1948, 1380) to be 3’: 5’-benzylidene 
guanosine, and (ii) the behaviour of the products on acid hydrolysis was analogous to that of the 
substances described in the literature as Gulland and Smith, / 1947, 338) and 
cytidine-2’ phosphate (Gulland and Smith, /., two latter — having been 
red in strictly analogous fashion from Conytiaens ‘ertdine and 
further investigation has shown, however, that the product we described as 
ts in fact essentially adenosine-5’ te; the latter compound can be isolated in wid yield fon 
the amorphous nucleotide descri by Michelson and Todd (loc. ett.) and has been identified by periodate 
titration (absorption of 1 mole of oxidant /mole) and by comparison of chemical and physical properties 
including X-ray diffraction photographs. In the same way it has been found that the alleged 
— phosphate of Guliand and Smith (Joc. cs¢.), as prepared by us, is in fact cytidine-5’ phosphate. 
the method of y~y> and particularly from consideration of their acid hydrolysis curves, 
there can be little doubt but that the products described as uridine-2’ phosphate (Gulland and Smith, 
loc ae qneeee phosphate (Michelson and Todd, loc. cit.) also consist essentially of the 


‘The origin af y- -phosphorylated nucleosides in these synthetic experiments is not yet clear but their 
production would seem to indicate either that a facile and unsuspected migration of acy! groups occurs 
at some intermediate stage or that the experimental evidence for the 3’ : 5’-structure of the benzylidene 
nucleosides (Gulland and Overend, Joc cst.) is not valid. Lf the former explanation should prove correct, 
the finding might well be of significance in the interpretation of nucleic acid structure based on 
hydrolytic studies. The whole question is at present being investigated in this laboratory, together 
with the problem of the synthesis of the true nucleoside-2’ phosphates and our results will be 
communicated in detaillater. It seems, however, desirable at this —. ~ draw attention to the fact 
that the synthetic nucleotides described in the literature as nucleoside-2 hates do not have the 
structure assigned to them, the more so as the recent findings of Carter oda ¢ cae (Fed. Proe , 1949, 8, 
19%) have aroused interest in nucleosile-2’ phosphates as possible — products ‘of yeast 
ribonucleic acid — Unrversrry Cuemicat Laporatory, (Received, December Sth, 1949.) 
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The ease of conversion of the metastable into the stable form of the pure aldehyde is in striking 
contrast to the persistence of the low-melting form in its contaminated state. A rather similar case has 
5 (Gorvin, 1945, 734) in ethyl 3-sulphanilamidobenzoate; the form, m. p. 105°, 
conversion into a form, m. p. 153°, occurred immediately on fusion at the lower temperature. - 
These examples of metastable states stabilised by umpurities emphasise the importance of removal of all 


J. N. Bronstep 


| 
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The Bréinsted Memorial Lecture. 
DeLIVERED THE CHEMICAL SocirTY In Lonpow ow Sep, 10949. 
By R. P. Bett, M.A., F.RS. 


Ir is a difficult task to commemorate and appraise a great man like Brénsted, especially for one 
thirty years his junior in age, and so much his junior in science. This difficulty is increased by 
a difference in nationality, and I feel therefore that I ought to begin by acknowledging my debt 
to the many friends in Denmark who have helped me in the preparation of this lecture, I must 
mention especially Mrs. Brénsted, who has provided me with much material, especially about 
Brénsted’s early life, and Professor Christiansen, who has made available to me the manuscript 
of his own memorial lecture to Bronsted. What I have to say owes a very great deal to their 


co-operation. 

I shall begin by giving an outline of Brénsted’s life and career, followed by some account of 
his scientific work, and finally I shall try to give a general picture of him as a scientist and as a 
man. 

Johannes Nicolaus Bronsted was born on February 22nd, 1879, in Varde, a smal! town in 
West Jutland. His father was a civil engineer employed by “ Hedeselskabet,"’ a corporation 
founded to reclaim moorland by draining, irrigation, and planting. His mother died shortly 
after his birth, but his father remarried shortly afterwards, and the family moved to a farm in 
the heart of Jutland, where the young Brénsted and his elder sister spent most of their childhood. 
This period laid the foundation for the love of country things and country people which played 
such a great part in his later life. When he was twelve years old his family moved to Aarhus, 
the second largest city in Denmark, but still an essentially rural environment. He went to 
school there and seems to have been an apt pupil, particularly in mathematics. There was, 
of course, no school instruction in chemistry at that time, but Brénsted’s interest in the subject 
was a very early one, his first source of information being an agricultural dictionary which he 
found in the attic. He did primitive experiments at home in the usual fashion, and the spirit 
lamp and balance which he used are still in existence. 

His father died, in 1893, leaving the family in straitened circumstances. Several friends 
of the family felt that the young Brénsted ought to begin to earn his living, but his mother 
recognised his promise and was determined to give him and his sister a good education even if it 
meant considerable sacrifices. The family moved to Copenhagen, and Brénsted attended the 
Metropolitan School there, where he found not only a high educational standard, but also a 
remarkably stimulating set of school-fellows. Of the twenty boys in his class, two became 
bishops, two distinguished physicians, and five professors. One of the latter was Niels Bjerrum, 
his closest friend for many years, and his chief rival in making Danish physical chemistry world- 
famous. Brénsted matriculated in 1897, and went to study at the Polytechnic Institute in 
seem to have sat lightly on his shoulders, and he found plenty of leisure to cultivate other 
It was at first intended that he should 
become an engineer like his father, but after taking his first degree in that subject in 1899 he 
changed over to pure science, and took his “ Magister " degree in chemistry in 1902. At that 
date this degree was something of a rarity, Lo te Pama and Brénsted's friends used 
** Magister " as a nickname for many years afterwards 

There was no academic position immediately available, and Brénsted worked for a short 
time in an electro-technical concern. However, he soon returned to the University Chemical 
Laboratory, and was made an assistant there in 1905. He worked there on his affinity measure- 
ments, and in May 1908 presented the third paper in this series (on mixtures of sulphuric acid 
and water) for his doctorate degree. In the same year a new chair of chemistry was instituted 
in Copenhagen which combined the duties of teaching physical chemistry to the University 
students, and inorganic chemistry to students at the Polytechnic Institute. The two competitors 
for this chair were Bronsted and Niels Bjerrum, who had been Brénsted’s class-mate at school, 
and had taken his doctorate degree in the same year. It must have been a very difficult decision 
for the judges to make, but their choice finally fell on Brénsted, who was appointed at the early 
age of 29. The news reached the Bronsted family in a dramatic way: one day just before 
Christmas a goods train stopped at the bottom of their garden in the country, and a railway 
official descended bearing a telegram of congratulation from 

This appointment fixed the whole of Brénsted’s subsequent career, as he held the chair until 


] 
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his death 39 years later. His laboratory was at first in the Polytechnic Institute, and for a time 
facilities were very limited, as physical chemistry was a new subject and the laboratory had to 
be equipped from scratch. However, conditions gradually improved, and in 1919 he was 
relieved from the onerous task of teaching elementary inorganic chemistry. The greatest 
change in his working conditions resulted from his visit to the United States in 1926—27, 
when he was able to discuss the possibility of financing a new physicochemical laboratory in 
Copenhagen. The international Education Board finally met the cost of a new University 
Physicochemical Institute, which was completed in 1930. Here Brénsted had not only ideal 
working conditions, but also a delightful official residence where he and his family could 
exercise their hospitality and charm. 


I shall now give some account of Brénsted’s contributions to physical chemistry, not in 
strictly chronological order, but under their main headings. 

The most important general interest in Brénsted’s scientific work was undoubtedly thermo- 
dynamics. His earlier work dealt entirely with this topic, and even his later work on reaction 
kinetics has @ strong thermodynamic flavour. His series of thirteen experimental papers on 
” Affinity " appeared during the years 1906—-18, and constitute a veritable text-book of thermo- 
dynamics. Although Brénsted is well known for his later work on the thermodynamics of 
Ton ania ohne it is probably not generally realised how much he contributed to 
the fundamentals of chemical thermodynamics, where he can be ranked with Nernst and G. N. 
Lewis. At that time, although it was generally accepted that the affinity of a chemical process 
was measured by the maximum work and not by the heat of reaction, there were very few 
accurate or systematic measurements of affinity, and it was this gap which Bronsted set out to 
fill. In 1906 he showed how the heat and free energy changes in the interconversion of rhombic 
and monoclinic sulphur could be measured over a range of temperature, and he also speculated 
as to how affinity changes could be calculated from purely thermal quantities. It was of course 
Nernst, and not Brénsted, who first solved this last problem successfully, but Nernst himself 
acknowledged the importance of Bronsted’s work in pointing the way. In a later paper in the 
same series (1910) Brénsted dealt with the thermodynamics of water-sulphuric acid mixtures, 
and gave one of the first correct treatments of the relations between the various differential and 
integral thermodynamic quantities in a mixture. In this paper he showed great ingenuity in 


combining vapour pressure, E.M.F., and calorimetric measurements, and (as in all these early 
papers) in obtaining accurate results with very modest resources. 

Bronsted was always skilled at devising applications of E.M.F. measurements, and one 
example of this was his measurement of the free energy of formation of naphthalene picrate 
from its solid constituents, not at first sight a promising system for study by E.M.F. methods, 
Brénated pointed out in 1911 that the free energy of this change was measured by the E.M.F. 


of the cell : 
Picrate electrode|solution IjH,Pt, PtH,|solution 1I|Picrate electrode 


where solution | is saturated with picric acid, and solution II with naphthalene + naphthalene 
picrate, Bronsted suggested using mercury—mercurous picrate for the picrate electrode, but 
was unable to make measurements on the above cell because the picrate solutions were reduced 
at the hydrogen electrodes. He was therefore compelled to use a very ingenious but laborious 
indirect method of measurement. It is interesting to note that in Oxford we have recently 
been able to measure the E.M.F. of the cell originally proposed by Brénsted by replacing the 
hydrogen electrodes by glass ones (which of course were not available to him) : the value obtained 
for the free energy of formation is exactly the same as that obtained in 1911 by the indirect 
method (Bell and Fendley, Trans. Faraday Soc., 1949, 45, 121). 

Broénsted's thermodynamic studies soon led him into the fiekl of electrolytes, first through 
E.M.F, measurements, and later through studies of solubility. It was becoming clear, partly 
through the work of Bjerrum, that very many electrolytes were completely dissociated in 
solution, and that their deviations from ideal thermodynamic behaviour could not be explained 
in terms of any association equilibrium, The concept of “ activity " had been introduced by 
G. N. Lewis, and various authors had suggested that electrostatic forces between the ions 
might be of importance. Brénsted’s approach was essentially an experimental one, and his 
solubility measurements became famous in 1924, when with LaMer he published data on 
activity coefficients of ions in very dilute salt solutions which provided a most striking confir- 
mation of the theoretical treatment of Debye and Hiickel, published while the work was in 
progress. It should, however, be stressed that this publication with LaMer was really the fifth 
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. In more concentrated solutions sons show individual properties 

depending only on their charge, and Brénsted’s “ Principle of the specific interaction of 
ions ” (1921) states that the individual properties of a given ion depend mainly on the ions of 
opposite charge which are present in solution. Broénsted's investigations on the effect of salts 
on ionic equilibria will be described under his kinetic work, but one simple principle is worth 
mentioning here: that even an ionic equilibrium will obey the classical law of mass 
presence of a large excess of non-participating me. 1 


solubilities in salt solutions, but there was a great deal of ground-work to be done before the 
most suitable salts could be chosen: thus in his 1920 paper he measured the solubilities of 90 
salts at two temperatures. The salts finally used by Bronsted and LaMer were the following : 
(\Co(NH,),(NO,)(CNS)}* (Co(NH,),(NO,),C,0,)~ 33 x 
Co(NHy) Cy s= 15 x lo 
**(Co(NHy) (NODC 50 x 
The saturated solutions were obtained by the simple expedient of letting the solvent trickle 
slowly down a long vertical tube packed with crystals, a method which had been used by 
Bronsted much earlier in his measurements on rhombic and monoclinic sulphur. In spite of 
the low solubilities involved, an accuracy of about 0°3% was attained, as may be seen from 
Figure 1. The line drawn represents the predictions of the Debye-Htckel theory, which are 
clearly followed very closely. 
The cobaltammines also played a considerable part in the development of Brénsted's ideas 
on acids and bases, and there is one other example of their use which may be mentioned here. 
On a simple electrostatic picture the solubility of a salt in different solvents should be a smooth 


of a series of papers on solubility, starting in 1919, interspersed with a number of other papers 
on the properties of ionic solutions. It is in fact remarkable how many important laws Bronsted 
was able to discover on the basis of his carefully designed and accurate experiments, in most 
cases before any theoretical basis for these laws was available. Thus he was able to show that 
the deviations of ionic solutions from ideal behaviour increase greatly with an increase in the 
charges on the ions present, and that in a solution containing several electrolytes the thermo- 
dynamic behaviour of a given ion is mainly a function of the ionic strength u, defined as 
w= jim, where m, is the concentration of an ion of charge 4, and the summation extends 
have theoretical bases, and if we add to Brén- Y 4 
sted’s work the equally important investigations 
of his countryman Bejerrum, it will be seen that as 
Denmark has had an altogether disproportionate 
share in the experimental foundations of the 
modern theory of electrolytes. 
Most of Brénsted’s solubility determinations, %, 
and many of his other researches, were carried 
out with the cobaltammines. These had been KNO, 4 
studied in great detail from the preparative b © MgSQ, 
point of view by S. M. Jérgensen, Brénsted’s @ KyCo(CN), 
teacher, and he therefore had to hand large © Kp50, 
numbers of specimens and much information © Ball, 
about these compounds. This was naturally a td ° HO 5 
piece of good fortune, but Brénsted's genius lay 
in realising how admirably suited they were for 
his purposes. By suitable variations in the Va 
nature of the six groups co-ordinated to the (a 
central atom, ions can be produced with valencies The relation between the activity coefficsent { and 
varying from +3 to —3, and by combining these — *4¢_fomie strength for a wni-bivalent cobalt- 
ions with one another or with other anions or “ise salt im the Presence of solvent salts of 
whe - various types. The heavy line represents the 
cations it is possible to obtain salts of many theoretical equation — log { = 1-00 Vp. 
charge-types and of widely varing solubility. by 
Most of these salts are well-defined and crystal. by permission from J}. Amer. 
line, and they can be determined accurately even 
in very dilute solution by the simple process of treatment with sodium hydroxide and distillation 
of the ammonia into standard acid. These properties made them almost ideal for investigation of | 
‘ 
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function of the dielectric constant, but this is not so in practice, no doubt largely because 
the part played by non-electrostatic factors. In a paper given to the 1931 meeting of the 
British 


Association Brénsted reported solubility measurements on the substances 
Co(NO,),(NH,), and [(Co(NO,),(NH,),)*(Co(NO,),(NH,),)~ which contain exactly 
chemical groupings, but are respectively a non-electrolyte and a uni-uni t. 


from 1930 onwards is the effect of molecular size on thermodynamic 


solubilities and other properties of such a series. 

entropy eflects might be present in mixtures of molecules of different sizes, Brénsted’s 
laws are essentially the same as those developed recently for high polymers such as rubber. 
Some of Brénsted’s last published work was on the vapour pressures of mixtures of the normal 
paraffins, for which he obtained experimental results of very high accuracy, and established 


balance and used as a connecting tube such a fine glass capillary that it had little effect within 
the sensitivity of the balance, 

Brénsted's work on isochemical series is of particular interest, because it represents one of the 
few cases in which he gave a molecular interpretation for the laws which he had established 
experimentally. In general he was curiously reluctant to consider any detailed molecular 
picture, preferring to derive from experiment empirical regularities which should be independent 
of any particular features of the molecules concerned. For example, one sometimes felt that 
he regretted the mechanistic explanation given by the Debye-Hiickel theory for the laws which 
he had established experimentally, and other examples of a similar attitude will be given later. 
I well remember his indignation when I suggested to him, shortly before his death, that a 
statistical approach was helpful in explaining the laws of thermodynamics to students. 

Certainly there was no suggestion of any molecular interpretation in his writings on the 
fundamental bases of thermodynamics, which occupied him to an increasing extent during the 
last ten years of his life. Although he criticised severely the conventional approach to the 
Second Law, his treatment remained a strictly phenomenological one. It is difficult to give 
an estimate of the value of this work, and | shall not attempt to summarise its content here. It 
roused violent controversy in Denmark, but has received little attention elsewhere | it is usually 
regarded as formally correct, but rather sterile. It is true that a similar view was at one time 
held about Brénsted's acid-base definition, which proved to have such a widespread importance, 
and it would indeed be interesting if his concepts of heat and entropy should eventually prove 
equally fruitful. They may perhaps be helpful in treating processes in which a steady state is 
set up by the irreversible flow of energy or matter through the system, a field which Bronsted 
had begun to study experimentally shortly before his death. 

The second main field of Brénsted's activities was reaction kinetics, and in particular catalysis 
by acids and bases. This interest arose comparatively later in Bronsted’s scientific development, 
but is probably the work for which he is best known, especially outside Denmark. It was 
closely connected with his work on electrolytes, and it is difficult to trace the exact order in 
which the various interwoven ideas arose, since papers on both kinetic and thermodynamic 
topics followed one another with bewildering rapidity in the nineteen-twenties. 

Bronsted first used kinetic measurements in 1921 in connection with the effect of salts on 
acid-base equilibria, He was particularly concerned to show that the effect of salt concen- 
trantion on hydrogen-ion concentration depends on the nature of the equilibrium involved : 
for example, in the system 

CHyCO-OH CH,CO-O~ + H* 
the hydrogen-ion concentration will be increased by added salt, while the equilibrium 
NH,* => NH, + H* 
will be little affected by salt additions, and in the system 
<> + H* 


Apart from electrolytes, a particular thermodynamic problem which interested Bronsted 
the concept of an “ isochemical series,’ and he established several laws governing the 

some new regularities which have not yet been explained theoretically. This work contains 
some very neat experimental devices : for example, in order to weigh a vessel containing liquid 
and vapour without detaching it from the rest of the apparatus, he suspended it from an ordinary 
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the hydrogen-ion concentration will be decreased by addition of salt. These results follow 
directly from the Debye-Hiickel expression for activity coefficients, but were derived by 
Bronsted from the experimental evidence on the activity coefficients of ions of different charges. 
In order to test his conclusions it was necessary to measure the hydrogen-ion concentrations in 
these solutions, and for this purpose he used the rate of reaction of diazoacetic ester with water 
to give glycollic ester and nitrogen, a well-known example of hydrogen-ion catalysis. This at 
once raised questions of fundamental importance, for it was held in many quarters that the 
' reaction velocity in such a system was proportional to the activity rather than to the concen- 
tration of hydrogen ions. Brénsted showed definitely that the concentration was the appropriate 
quantity : for example, when only a strong acid is present, the effect of added salt on the reaction 
velocity is much less than its effect on the hydrogen-ion activity. This justified the use of the 
diazoacetic ester reaction for measuring hydrogen-ion concentrations, and the salt effects 
observed with solutions of weak electrolytes agree with those predicted from activity data. 
This type of kinetic salt effect, depending on the displacement of an equilibrium, was termed by 
Brénsted a “ secondary salt effect.” 

There existed at the time a mass of unco-ordinated data on the effect of added salts on 
reaction velocities, including many reactions involving only strong electrolytes, where no 
secondary salt effect could be involved. In this latter class of reaction it is customary to speak 
of ‘primary salt effects.” Brénsted next showed in 1922 that all the existing data for primary 
salt effects could be summarised by the following simple statement : reactions between ions of 
like charge exhibit a large positive salt effect, reactions between ions of unlike charge a large 
negative salt effect, and reactions between an ion and a neutral molecule a small salt effect 
which may be either positive or negative. This classification was in itself a great step forward, 
but Brénsted gave it a further interpretation in terms of his famous expression for the effect 
of environment on the rate of a chemical reaction. For a reaction between two species A and B 
the expression for the reaction velocity v is 


where & is independent of environment, f is an activity coefficient, and X represents the “ critical 
complex " of A and B through which they must pass in order to react. It now seems obvious 
to us that the correct expression must involve the activity coefficient of some intermediate 
complex, as well as those of the reacting species, but Bronsted was the first to realise this, 
though the concept of a critical complex had previously been employed by Marcellin. We know 
very little about the nature of X, but we do know that its charge is the algebraic sum of the 
charges on A and B, and this is sufficient to predict approximately how its activity coefficient 
will vary with salt concentration. Nowadays this prediction would be made on the basis of the 
Debye—Htickel theory, but Brénsted again had to use the experimental data available for ionic 
activity coefficients, and was able to show that equation (1) corresponds to the rules for the salt 
effect given above, and agrees approximately with the magnitude of the observed effects. In 
particular it shows that in a reaction involving an ion and a neutral molecule (such as the 
decomposition of diazoacetic ester ion in presence of hydrogen ions) the activity coefficient factor 
will be near to unity, and hence the reaction velocity will be proportional to the concentrations 
of ester and hydrogen ions, and not to their activities. After the advent of the Debye-Hickel 
theory Brénsted made more measurements on salt effects in very dilute solutions, and fouad a 
complete confirmation of equation (1). It is interesting to note that Bronsted did not attempt 
to give any detailed molecular explanation of this equation, and the semi-thermodynamic 
derivation which he gave in 1922 was not made much clearer by a more detailed treatment in 
1925. Brdnsted’s equation is now of course regarded as a special case of the transition-state 
expression for reaction velocity, but Brénsted himself showed little interest in later developments 
in this field. 

The second major advance which served to clarify a large mass of kinetic work was Brénsted's 
extended definition of acids and bases, first published in 1923. Identically the same definition 
was put forward almost simultaneously by Lowry in this country. This definition is now 
generally accepted : it states that an acid is a species which has a tendency to split off a proton, 
and a base is a species which has a tendency to add ona proton. All acids and bases can 
be arranged in conjugate or corresponding pairs according to the scheme 


A= B+H* 


This definition of acids includes not only uncharged molecules such as CH,-CO,H, but also anions 
like HSO,~, HPO,“ and cations like NH,*, [Fe(H,O),)***. The new definition of bases was even 


| 
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more fruitful, since there had previously been great confusion, for example as to whether the 
ammonia molecule or the hypothetical ammonium hydroxide should be regarded as a truc 
base. The Brénsted-Lowry definition includes uncharged bases like NH,, NMe, and anion 
bases such as CH,CO-O~, OH, CO,". It was not so easy to find an example of 2 cation base, 
but once again the cobaltammines and similar compounds came to the rescue : for example the 
ton (Co(NH,),(H,O),OH)** is a base in virtue of the reaction 


+ H* (Co(NH,),(H,0),)** 
Base. Acid. 


It is immediately clear that the hydroxyl ion is not in any way unique, since it is only one 
member of a whole class of anion bases. On the other hand the hydrogen ion does appear to 
occupy 4 privileged position as long as we write it as H*, 1... a bare proton. However, following 
Pajans and others, Brinsted realised that the free proton could not exist in any significant 
in the presence of other molecules, and that in aqueous solution it existed as the 
en. um ion, H,O*, entirely analogous to the ammonium ion, NH,*. In fact, the “ hydrogen 
: ion ” is a different entity in each solvent, in each case being only one of a class of cation bases. 
Once the claum of hydrogen and bydroxy! tons te uniqueness has been abandoned, it becomes 


Acid (1) + Base (2) => Base (1) + Acid (2) 
and a similar set could be given for 


CH,COH H,O* CH,CO-O- 
acid + acetate 
NH,’ CH,CO-O~ Dissociation of acetic acid in liquid pee or 
dissociation of ammonia in jal acetic acid, 


or neutralisation of CH,-CO,H by NH,, with 
or without solvent. 


CH,COO” C OH- H t { acetate solutions. 
HO NH, ot salts, or buffer action 
in 
H,O HPO,- Hydrol { secondary phospha 
H,O Dissociation of ammonia in 


HPO,- Dissociation of or buffer ac- 


Since the hydrogen and hydroxyl ions are not unique among acids and bases, there is no 
reason why they should have the monopoly of catalytic cation in chemical reactions, and 
Brénsted's next important contribution was the experimental demonstration of general acid-base 
catalysis in @ number of reactions. Bréusted and Pedersen’s paper on the nitroamide decom- 
position, published in 1924, showed that the reaction was catalysed by the following classes of 
base 


(1) Anion bases like acetate ion, oxalate ion, etc. 
(2) Uncharged bases like aniline and pyridine. 
(3) Cation bases like (Co(NH,),OH)**. 
Bronsted and Pedersen made a detailed study of catalysis by anion bases, and later papers 
(1925—34) extended this to the other types of base and also to non-aqueous solvents. The 
mutarotation of glucose offered rather more complications, since it is catalysed by both acids 
and bases. Thus in an acetate buffer solution the full expression for the reaction velocity is 

However, by carefully designed experiments it was possible to separate out the effects of different 
species, and the 1927 paper by Brénsted and Guggenheim demonstrated the catalytic effect of 
anion bases, uncharged bases, cation bases, uncharged acids like acetic acid, and cation acids 
like the ammonium ion. Very similar conclusions were published by Lowry in the same year, 
though his investigations were less complete. 

The idea of catalysis by species other than hydrogen and hydroxy! ions was not altogether a 


new one, and in particular the “ dual theory,” suggested by Acree, Snethlage, and H. S. Taylor, 
had assumed catalysis by undissociated acid molecules. However, most of their deductions 


neutralisations, hydrolyses, butler systems, etc.) in the symmetrical form 


It is true that Dawson did not take into account recent views on electrolytes 

were planned in such a way as to involve complicated salt-effects. 

Nevertheless, there is no doubt that his work definitely establishes catalysis by carboxylic acid 

molecules, and in fact still provides the most extensive set of data for this type of catalyst, 
although his numerical values need some revision in the light of modern developments. 

If we consider a series of similar acids and bases, it is natural to expect that their catalytic 


nitro- 
the agree- 
y other 


2 


-4 
log K. 
The relation between catalytic ¢ffect and acid-base strength 
Jor the amon catalysed decomposition of mitramide. 


( Reproduced by permission Z. physikal. 
Chem., 1924, 210.) 
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were based upon incorrect values for the degree of dissociation of electrolytes, and did not 
allow for primary and secondary salt effects. In his monograph on “ acid-base catalysis ” 
(published in Danish in 1926, English translation in 1928) Brénsted devoted a good deal of 
space to a severe criticism of this earlier work, and was in fact able to show that in almost all 
cases the supposed catalytic effect of acid molecules was based on a misinterpretation of the 
data, or could reasonably be attributed to a salt-effect. The only notable exception to this 
statement was Dawson's work on the acetone—iodine reaction, and here Bronsted's strictures were 
power for a given reaction will depend on their acidic or basic strength. In his first paper on 
the nitroamide decomposition Brénsted 
gave a quantitative form for this depend- Fis. 2. , 
ence which has been found to be generally / 
valid, and which is commonly known as the ‘ © 
Bronsted relation.” For basic catalysis 
it can be written in the form : we. 
0 

where is the catalytic coefficient of a 
base of dissociation constant 4, and Gand Tartarn I 
a are constants characteristic of the re- 2 ow 2.8 
action, the temperature, and the solvent, ~~ Matel 
being less thap unity. Figure 
how well this relation is obeyed A Cophe | 
anion-catalysed decomposition 
amide ; for most other reactions 2 
cases Brénsted arrived at the form 
wich he pave for ie wun 
unsatisfactory one, and he was not 
ticularly interested in later attempts Mi 
interpret the relation in terms of molecular 
potential-energy curves. 

I must now attempt some kind of summing up of Bronsted as a scientist andasaman. His 
skill as an experimentalist was not immediately apparent because of the simple nature of many 
of his methods, and it took some time to realise how much skill and discrimination lay behind 
an apparently simple piece of experimental work. His great strength lay in the choice of the 
most suitable substance or reaction, and in the planning of a series of experiments to attain the 
desired end with the greatest certainty and economy. For this reason his researches always had 
a much wider application than the immediate purpose in hand, and one of the greatest benefits — 
of working with him was the opportunity of sharing his insight into general methods and planning 
of research. Many of his pupils have modelled their subsequent work on Bréinsted's prototypes : ” 
for example, most later work on activity coefficients from solubility measurements and on 
general acid-base catalysis follows closely on some lead originally given by Brénsted. 

It is more difficult to place Bronsted as a theoretica! physical chemist in relation to the main 
developments of his time. We have already seen several examples of his absorption in thermo- 
dynamics and his love of an experimental approach, and the adjective “ classical '’ seems an 
appropriate one to describe his contributions to physical chemistry. In the field of solutions 
his work has had a clarifying effect to which it is difficult to find a parallel. Although his mind 
was a most agile one, several of the major trends in modern physical chemistry failed to rouse 
his interest : for example, the experimental and theoretical study of molecular structure, and 
the theoretical treatment of reaction velocities. Looking back, it seems strange that one 
of the greatest investigators of reaction kinetics in solution should never have deliberately 
measured an activation energy. On the other hand, there is no doubt that this limitation 
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of interest enabled him to attack his chosen field with greater intensity and singleness of 
vision. 

Bronsted was an individualist in his work, and owed little to the influence of other scientists, 
though the tradition of Julius Thomsen fostered his early interest in thermodynamics, and his 
training under S. M. Jérgensen introduced him to the cobaltammines and gave him high standards 
of preparative and quantitative work. There is only one instance where he collaborated with 
another scientist outside his own field, and that was in his famous work with Hevesy on the 
separation of the isotopes of mercury and chlorine by ideal distillation at low pressures. In his 
earlier days he had few junior collaborators, but in the period 1922-—37 many chemists from 
other countries, particularly England and the United States, went to work with him. I myself 
spent four years in his laboratory, and I remember very clearly the impression of integrity and 
intensity of scientific endeavour which I received. One guest worker described his laboratory 
as a place of “ high chemical potential,”’ and the phrase does give something of the tense and 
personal feeling which Brénsted inspired. He showed great kindness and consideration to his 
collaborators from overseas, and the subsequent work done by many of them shows the lasting 
effect of bis influence. On first acquaintance he seemed rather reserved, but one soon realised 
that this arose from an unwillingness to talk carelessly or lightly on scientific matters. When 
he had once embarked on a discussion his acuteness and remorseless logic were remarkable, and 
there can be very few occasions on which he was worsted in a scientific argument. He did in 
fact very much enjoy a keen polemical discussion, and never hesitated to express his criticisms 
im an edged and sometimes personal manner, This involved him in a number of controversies, 
beginning in 1908 with his criticism of Nernst’s concept of “ ideal concentrated solutions,” and 
ending with a lengthy argument with Danish physicists about the foundations of thermodynamics. 

Brénsted’s duties as a professor involved a considerable amount of elementary teaching, 
especially in his earlier days, and his lectures were elegant in delivery and content. Their 
concentrated exactness made them perhaps rather indigestible for the average student, and the 
same was true of his text-book of physical chemistry. The later editions of this book incorpor- 
ated his own treatment of thermodynamic principles, and we can sympathise with the polytechnic 
student who had to use terms like “ heat" and “ work” in one sense in his physics and 
engineering, and in another sense in his chemistry. The Danish system involves a large amount 
of oral examination, and in his earlier days Bronsted gained some reputation for severity as an 
examiner: his standards were certainly high, and he was not much given to compromise, least 
of all in scientific matters. There are many anecdotes about these examinations, and I remember 
one candidate who had rashly professed some knowledge of the occurrence and properties of the 
silicates, and who was finally driven by Brénsted's remorseless logic into maintaining that a 
paving-stone would probably dissolve completely if stirred up with a little water! However, 
as he became older Brénsted became more lenient towards his younger students, though he 
could still be a formidable opponent to candidates for the doctorate degree. 

In private life Brénsted had great personal charm and a wealth of interests outside his 
science. The chief of those was his love of the countryside and its people, which remained with 
him all his life. His family holidays were usually spent in some remote part of the country, and 
he had a very extensive knowledge of Danish wild life, especially of birds. It is interesting to 
note that his last publication, just before his death, was a note describing some observations 
on insect behaviour made during his summer holiday. He felt very keenly about the preserv- 
ation of natural beauty and nature reserves, and took a prominent part in campaigns to this end. 
Music and painting were also among his accomplishments, and through his marriage he came 
into close contact with many of Denmark's leading artists and musicians. He had a wide 
knowledge of literature in several languages and a remarkable gift not only for accuracy but also 
for elegance in expression in both Danish and English. 

Brénsted travelled widely in Europe, and made several visits to the United States. In 
spite of his strong Danish patriotism he had a great deal of sympathy and understanding for 
other countries, and especially for England. His early contacts were mostly with German 
scientists, but after the First World War his sympathies turned decisively towards this country. 
In 1920 he spent several months in England, mainly with Professor Donnan at University 
College, and he made at least seven more visits before 1939, including several to attend meetings 
of the Faraday Society. Among many other honours he was made an honorary member of the 
Academy of Arts and Sciences in 1929, an honorary Fellow of the Chemical Society in 1935, and 
an honorary doctor of London University in 1947. 

The Second World War served only to strengthen the ties which bound him to English things 
and English people, and he never had any doubts as to the rightness or the eventual outcome 


due to the lack of logic and precise definition in public affairs, and it is an open question 
whether the application of this principle would have brought success or frustration. 

It is very fortunate that Brénsted was able to visit England again in the summer of 1047, 
when he attended the Chemical Society Centenary celebrations and the International Congress. 
He enjoyed this visit to the full; not only the formal scientific occasions, but also the quieter 
times which he and Mrs. Bronsted spent in the homes of their English friends, and by themselves 
in a remote corner of the English countryside. It was a great shock to hear of his sudden death 


Many of his ideas have passed into the common currency of physical chemistry, ind, Mibwoads 


one hesitates to predict the future of any scientific subject, it is difficult to imagine a state of 
affairs in which they would not still be valid and useful. This society has done itself a great 
honour by numbering him among its Honorary Fellows. 


R, P. 
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of the struggle. From the first day of the German occupation he spent several hours daily 
listening to the broadcast news from London, and he also read widely in English history and 
biography : when I visited him in 1946 be still had on his tabie a list of English Foreign Secretaries 
from 1769 onwards. The occupation also turned his attention to public affairs in general, in 
particular the vexed question of Schleswig and the Danish-German frontier, about which he 
spoke and wrote in his usual forthright manner. Nevertheless, it was a surprise to many of 
his friends when in 1947 he accepted nomination as a candidate for the Danish parliament, and 
a still greater one when on October 28th he was elected. He took this responsibility seriously, 
and immediately began to study parliamentary procedure, but he was overtaken by his last fatal 
illness before he could take his seat, and died on December 17th. It is interesting to speculate 
how he would have fared in Parliament and how his logical and uncompromising mind would 
have dealt with the half-truths of politics. He himself believed that many of the ills of mankind 
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Newer Developments of the Chemistry of Many-membered Ring 
Compounds. 


Lecrurz De.tverzp Berorz tHe Cuemicat Society Lonpon on 
1949. 


By V. Pretosc. 
| am able to speak about the newer developments of the chemistry of macrocyclic compounds 


In spite of the wide extent of this field only few laboratories have devoted themselves to the 
I would like to mention, in addition to the 
Ziirich Laboratory and a connected group led by M. Stoll in Geneva, Carothers, Adams, and 
Blomquist in America, and Ziegler, and te If I concern 
myself mostly with the newer work of our own group, it is only on account of restricted time.* 
Por the same reason [ cannot deal now with the very interesting recent work on many-membered 
ring peptides, antibiotics, and alkaloids. 

The reason why the chemistry of many-membered ring compounds was not more intensively 
studied lay in their difficult accessibility. In the heroic age, Ruzicka and his co-workers 
prepared the many-membered ring ketones, which they used as starting materials for other com- 
pounds of this group, by dry distillation of the rare-earth salts of dicarboxylic acids.* In 
favourable cases the yields reached a few percent. The introduction of the dilution principle by 
K. Ziegler, H. Eberle, and H. Oblinger* did not make the many-membered ring derivatives 
readily available, since the technique of ring-closure in great dilution is rarely simple. Ali 
genera) procedures for the preparation of macrocyclic compounds had stil] another important 
disadvantage. The compounds of medium ring-size, containing 8 to 12 members, could be 
prepared only in disappointingly low yields of a few tenths per cent. 

The introduction of the very advantageous acyloin synthesis,* which allows preparation in 
very good yields of ring compounds having more than § members, formed therefore a starting 
point for new approaches to this field. This synthesis leads from easily accessible dicarboxylic 
acid esters in a simple way without using great dilutions to macrocyclic acyloins, which can be 
converted easily into various other cyclic compounds. The following formule show a variety 
of reactions, which were carried out recently : 


OH 
—CO,R ——CH-OH 


My 


Fig. 1 illustrates the dependence of yield on ring size for the three most important general 
procedures for the preparation of many-membered ring compounds: the preparation of ring 


at the Institute of Technology in Zirich. In this laboratory the many-membered rings were 
discovered by L. Ruzicka and the fundamental analytical and synthetica) work has been done on 
this interesting group of compounds. Ruzicka himself lectured on his work before the 
Chemical Society in London almost exactly 15 years ago.' The most important theoretical 
consequences of these investigations and especially their influence on the so-called strain theory 
er form part of general text-book chemistry to-day. Moreover, the perfume industry could not 
: dispense with the artificial musk-like scents, which became available through this work. 
H-OH ——-H, 
H, 
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ketones according to Ruzicka, the preparation of imino-nitriles by Ziegler’s method, and the 
acyloin procedure. One can see that it is now possible to obtain ring-compounds of every size 
in reasonable yield. In this way the field of many-membered ring-compounds became a real 
playground for the organic chemist. The acyloin procedure leads to the democratisation of this 
hitherto very aristocratic group of compounds. 

It is now no more difficult to obtain eyclo- i Fis, 1. 


J. Hulstkamp, and A. Rouvé.* It was possible 
to synthesise both cis- and trans-isomers of 
civetone and this is the first case of a double 
bond incorporated in a ring in both cis- and 
tvans-configuration in known fashion. 

The problem of the surprisingly good yielus 
of many-membered ring acyloins obtained from 
the acyloin synthesis in concentrated solutions 
is explained by our reaction mechanism shown 
schematically in Fig. 2.’ The two electrophilic carbon atoms at the 
a dicarboxylic acid ester are first adsorbed by the electron-covered surface of 
sodium. So far as the flexibility of the carbon chain allows, the electrophilic 
slide over the metal surface and can thus approach each other. As less energy is necessary 


Fre. 2. 


II, 


Itt. 


Na 


for this than for splitting the molecule off the surface, the collisions of the adsorbed molecule 
other molecules lead to the approach of the terminal carbon atoms and finally to the ring 
closure. After the ring closure the molecule no longer possesses electrophilic centres and is 
therefore no longer bound to the surface. 
The work on many-membered rings was from the beginning carried out with two motives, 


A very elegant application of the acyloin 
synthesis to a macrocyclic compound is exempli- 
fied in the synthesis of civetone by M. Stoll, : 


4 


Number of C atoms. 


Atomic refractions ; curve 1, Eisenlohe ; curve 2, Vogel. 


in the liquid state. Most of the investigated series of alicyclic many-membered ring compounds 
show a maximum of density and a depression of molecular refraction at medium ring size. In 


R 


0 


this manner they differ from the aliphatic homologous series, which show a steady increase or 


decrease of density and no appreciable deviation EL from the calculated molecular refraction. 
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the one practical_the preparation of musk-like perfumes—and the other theoretical—the 
investigation of the infloence of ring size on the physical and chemical properties. It seemed 
that this second aim would not have much interest since according to older views the higher 
unstrained ring homologues of cyclohexane should not differ from it more than the higher ali- 
phatic homologues differ from the lower. In fact the physical and the chemical properties of the 
many-membered ring compounds do show 4 peculiar and unexpected dependence om ring size. 
Pic. 3. 
a 
= 
| AWN 
| 
N --- Alcohols. 
Number of C atoms. 

Fig. 3 shows, for example, that the curves of melting point against ring size do not rise 
steadily as with aliphatic homologues.* As no simple explanation of these curves is possible 
we shall turn rather to consideration of those more readily explicable properties which are not 
dependent on lattice forces. Such, for example, are the density and the molecular refraction 

Fie. 4. 
ty | 
| AVA | Tt 
rT TTT Tt 
| 
147 
2 i > 
& 094 r465 
| 


stants and the free energy of the reaction 


and the probability of a constellation : first, the 


van der Waals radii of the atoms, which are well illustrated by Stuart models, and secondly, 
such interactions as are not shown by atomic models—that is, forces not expressed in classical 
. for instance, those which restrict rotation around a single bond in aliphatic compounds 
contradiction to the views of classical stereochemistry."* These forces cause the inequality 
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series is liquid at room temperature so that no corrections are necessary. 
the dependence of the equilibrium con- 
extreme values lie on the limits of possible <3 - 
diocty! ketone cyanohydnin is given on the fsteme.— 
right-hand side of the graph. 
Asa further example of the dependence 
of an equilibrium constant on the ring size 
we can consider the dissociation constants of polymethylene-imines shown in Fig. 6."° We also 
measured polarographically the half-wave potentials for the cathodic reduction of the Girard-t 
derivatives of cyclic ketones, which are shown on Fig. 7." In spite of the fact that it is not a 
reversible reaction, we obtained a shape of 
nucleophilic oxygen or nitrogen : for example, 
ketone is stabilised with respect to cyano- 
hydrin, imine with respect to the correspond- 
formation int Fis. 7 
As constellation we define those forms of TAL 
the molecules which result from free rotation | U 650808) 
mobile aliphatic open chains, and therefore 
these compounds provide an interesting matenal 66 0 2 4 6 
for studies of the influence of constellation on 
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of various constellations of a polymethylenc chain from the energetics standpoint. 
of the potential energy of a chain of four methylene groups around the central C-C bond can 
be described approximately by the formula ¥ 
E = — 1-1 cos — 056 cos ¢ keals. per mole. 

This function is shown together with corresponding configurations in Fig. 8. 

Two constellations 6 and d, which are separated from each other by energy 
to the zigzag form of the chain, predominates. 
deviates the more {rom the constellation d the smaller the ring. 
ring homologues the chain is forced by ring strain into the energetically unfavourable con- 
stellation a, cycloPentane itself has, according to K. S. Pitzer,“ a non-planar form because the 
deformation of the tetrahedral valency angles of the non-planar form is less serious than the 
unfavourable constellation of the planar form. From this it is understandable that the chair 
form, which is built from 6 energetically favourable constellations, predominates in cyclohexane 
over the boat form, in which constellation 6 occurs 4 times and the unfavourable constellation 
@ twice, 

Fra. 8. 


o 60 20° 300° 360° 


Tit 
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These considerations being transferred to homologous cyclo-parafiins and simultaneous 
account being taken of van der Waals radii, one has the interesting result that medium-sized 
rings with 8—12 members can only be built from less favourable constellations. In contrast 
to this, the chains of the higher eyclo-paraffins can again be constructed from energetically 
favourable constellations 6 and d. Just as in small rings classical strain and constellation 
work against each other, so in medium-sized rings van der Waals repulsive forces and con- 
stellation are opposed. The medium-sized rings suffer a greater interaction between atoms 
than in cyclohexane: they are therefore at a higher energy level than unbranched aliphatic 
compounds. 

Maxima and minima in the physical properties of medium-sized ring compounds may be 
explained in this way, for example, the reduction of electron polarisability and consequently of 
molecular refraction by the stronger interaction of non-adjacent atoms in the medium-sized 
rings. 

In considering the inflaence of ring size on the chemical properties, for example, on the 
dissociation constants of the cyanohydrins, it should be realised that in small-ring ketones the 
oxygen stands outside the ring. In medium-sized rings we have many possible forms in between 
the two extreme constellations, which may be termed “ O-outside’ and “ O-inside.” Figs. 
9 and 10 show such extreme constellations for cycledecanone. The O-outside constellation of 
medium-sized ring ketones are marked out, first, by a more favourable constellation of the 
polymethylene chain,* and secondly, by an intramolecular interaction between the carbony! 

* In the model shown Pig. 9 we have 6 times the unfavourable constellation ¢ and twice the 


the unfavourable constellation ¢ occurs 8 times. alae 


N 


~ 


-é, Keak, mole. 


% 
7 
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oxygen and the hydrogens of the polymethylene chain; the distance between these atoms is 
especially small in medium-sized ring ketones. The interaction is stronger in the ketone than in 
the cyanohydrin and stabilises the former, as was found experimentally. Very similar consider- 
ations can be developed for the other reactions mentioned. 

In an attempt to prove the consequences of the “ O-inside " configuration of cyclanones, 
De. the As expected, the frequency of C—O 
bond-stretching band was smaller with a medium-ring ketone than in cyclohexanone or a large- 


of a monocyclic compound by transforming it into a bicyclic compound. We carried out a 
series of such experiments and found some facts which deserve brief mention. 

Robinson and his co-workers “ showed that condensation of the ey rboxylic 
esters with quaternary bases of dimethylaminobut (" Mannich base ‘ ") gives compounds, 
which can be simultaneously saponified, decarboxylated, and cyclised to a$-unsaturated octa- 
jones. We obtained analogous products (II) by condensing the cyclic §-keto-carboxylic esters 
(I) containing a 7- or an 8-membered ring.** In the case of the 8-membered ring we isolated a 
densed with the active methylene group in the ring. 
easily by making use of the fact that the second of them does not give the carbonyl group 
and Kuhn-Roth oxidation provide evidence for the constitution. The compound with the 
bicyclic system condensed in the 1 : 2-position has an absorption maximum at a shorter wave- 
length and gives no acetic acid by oxidation, whereas the isomer with the bicyclic system con- 
wave-length. Using higher homologues of cy t 
of the type (ILI) 


Bredt's Rule. 


(VIL) 
* Dr. G. B. B. M. Sutherland, Cambridge, who 
some cyclanones observed in cyclooctanone 
as well as of the C-H band at about 1-75 4., 


eyclododecanone 1697, cyclotridecanone 1707.° 
In addition to the physical and physicochemical methods of approach, we tried to examine 
the question of the constellation of many-membered ring compounds by the classical methods 
of organic chemistry. Assuming that the rate of ring closure is influenced by constellation, it 
should be possible under favourable conditions to obtain information about the constellation 
as 
én, —> Hales =CH--co - 
(lL) 
13, 15 UR ~ 
L__<==¢cn, ==t-CH, 
(mL) (vl) (Vill) 
ts 
COR 
) (Iv) 
independently pe poy the infra-red spectra of 
indicate an intramolecular hydrogen bond. 
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These experiments permit some definition of the limits of validity of Bredt's rule, which 
states that in bridged-ring systems a double bond cannot start from a bridgehead. Funda- 
mentally, Bredt’s rule expresses the requirement of effective overlap of the p-electron orbitals 
constituting the n-electron orbitals of the double bond. Twisting of the inter-atomic axis in a 
bridged-ring system is thus the simplest case of that steric hindrance of r-clectron resonance 
which has recently been much investigated in systems containing several conjugated double 
bonds. Tiredt’s rule is formally broken by the products (III) of the Robinson reaction con- 
taining 4 | : 3-bicyclic system, and it is therefore clear that a double bond may lie at the bridge- 


7-membered rings contain, however, no 

absorption spectra, or in other words they obey Bredt’s rule. compounds 
with §-membered and higher ring are af-unsaturated ketones. Thus the limit of applicability 
of Bredt’s rule lies between the systems with a 7- and an 8membered ring. 

The bicyclic a-keto-carboxylic acids (V) and (VI), which are obtained by the variant of the 
Robinson synthesis, show an interesting behaviour on decarboxylation. The compound (V) 
with two 6-membered rings cannot be decarboxylated even under drastic conditions. Similar 
examples are known from terpene chemistry, for example, camphoronic acid. On the other 
hand, the analogous acids, (V) with a 7- and (VI) with an 8-membered ring, decarboxylate 
easily at 240°, whereas the acid (VI) with a 13-membered ring decarboxylates even during the 
alkaline saponification of the ester. If we assume that an anion at the bridgehead is an inter- 
mediate, which must be stabilised by resonance with the carbonyl for the activation energy to 
be sufficiently low, then we can use these results as a contribution to the knowledge of the 
validity of Bredt's rule. 

I should like to mention that y-chlorocrotyl carboxylic esters (IV) can be saponified and 
simultaneously decarboxylated with a mixture of hydrochloric and acetic acids and that 
treatment of the resulting a-<chlorocroty! ketones (VIII) with sulphuric acid gives the same 
products (II) as the Robinson synthesis. 

Since all experiments showed that the carbony! in poly-membered ring compounds is feebly 
reactive, whereas the a-methylene groups are strongly reactive, we tried to condense cyclic 
ketones with nitromalonic dialdehyde (IX), which gives substituted p-nitrophenols easily with 
aliphatic ketones as was shown by Hill and by Kenner.” In fact, the many-membered ring 
ketones with a more than &-membered ring gave compounds of the expected formula.” How- 
ever, the influence of ring size on the formation of the bicyclic system showed an interesting 
effect. With 10- and higher-membered ring ketones yellow p-nitrophenoxides (X1) were directly 
obtained, which yielded on acidification p-nitrophenols (XII). Ketones with an 8- and a 
®membered ring gave instead colourless condensation products, which contained one molecule 
of water more than the expected p-nitrophenoxides. These products differ in their a’ i 
spectrum from the p-nitrophenoxides and probably have the constitution (X)." On acidific- 
ation, the product with a 9-membered ring gives immediately the corresponding p-nitrophenol, 
which can be converted by alkali into the normal p-nitrophenoxide. In contrast to this, the 
primary condensation product which contains an §-membered ring gives on acidification a 
compound (XIII) which is tautomeric with the expected p-nitrophenol, as could be shown by a 
thorough investigation. This compound is converted by alkali back into the colourless salt (X), 
which contains 1 molecule of water more than the p-nitrophenoxide. We have here an interesting 
case of a compound in which the ring strain has overcome the tendency to form an aromatic 
system. This is in accordance with the model, which shows that the compound (XIII) is much 
less strained than the m-bridged benzene derivative. The m-bridged p-nitrophenols can serve 
as starting material for other series of m-bridged benzene derivatives, for example, 4-amino- 
phenols (XIV), p-benzoquinones (XV), and quinols (XVI)." 

In the above mentioned m-bridged bicyclic compounds the many-membered rings have 
forms which are very similar to the forms of monocyclic ketones with “ O-inside ” constellations : 
this can be seen from the model of a m-bridged p-nitrophenol, as shown in Fig. 11. Therefore 


head of a bicyclic system if the ring only be large enough. 
We investigated this problem more thoroughly by a variant of Robinson’s synthesis." We 
condensed the cyclanone carboxylic esters with y-chlorocrotyl chloride (1 : 3-dichlorobut-2-ene) 
instead of with the quaternary salt of the “ Mannich-base “ and treated the products (IV) with 
concentrated sulphuric acid according to O. Wichterle."* The y-chiorocrotyl derivatives give 
under these conditions y-keto-buty! derivatives, which react further as in Robinson's synthesis 
“a but without saponification and decarboxylation. The carbonyl of the §-keto-carboxylic ester , 
* is less reactive than in ketones, and only bicyclic compounds condensed in the ] : 3 position are 
formed independently of ring size. The compounds (V) from the starting material with 6- or 
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it was interesting to test whether the influence of the medium-sized rings on the chemical 
properties of the bicyclic compounds was the same as in the monocyclic compounds. The 


m-Bridged Bensene Derwatives. 


H 
OCH ~—CH-OH 


(XV) 


(XVI) (XIV) 
aromatic part of the molecule served in these cases as a kind of indicator for the forces inside the 
ring. 


Pro. 12. 


7 } 
on 


m-bridged p-nitrophenols in 80% Methyl- 
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more nucleophilic oxygen, as would be expected on the assumption of the formation of an 
intramolecular hydrogen bridge. 

I believe that the investigations which we have carried out show clearly that a medium-size 
ving effect exists which was not predicted by classical chemistry. 1 hope that our interpretation of 
this effect as a consequence of the constellation and intramolecular interactions of atoms across 
space is not very far from the truth, and that it can be used as a basis for a more exact theory 
and as a stimulus for further experiments. 

The constellation has hitherto often been neglected as a very important factor which influ- 
ences the reaction equilibria and reaction rates. The advances in physical approach to this 
problem will perhaps allow the organic chemist to make in the future more valuable contributions 
from his standpoint than was possible before. 


In conclusion, 
P. Barman, L. P 
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Obituary Notices. 
OBITUARY NOTICES. 


ARTHUR PILLANS LAURIE. 
1861— 1949. 


of Edinburgh, was born in Edinburgh on November 6th, 1861. He was educated in his native 
city, first at the Academy, and then at the University (B.Sc., 1881), proceeding later to King’s 
College, Cambridge, of which he was an exhibitioner and prizeman. In 1884, his name appeared 
several others, afterwards to become well known in various branches of He was elected 
into a Fellowship of his College in 1888, 

About this period, Laurie made the acquaintance of Holman Hunt, whom as time went on 


Pigments and Vehicles of the Old Masters.” Further contributions to the Society’s Journal on 
cognate subjects appeared in 1892, 1893, 1907, and 1922. To read these in retrospect to-day 
is to realise that they represent the work of a mind of somewhat unusual character, at once 
versatile and origina]. Pathfinder and seer, Laurie has not laboured in vain. 

Wide interests continued to dominate his busy life. heed wile 
and chemistry at St. By vlirhrcn gerd orgies and later was appointed an Examiner for 
the Royal College of Physicians, and for the City and Guilds Institute. The Home Office 
Committee on Pottery Manufacture also claimed him as a member. Always interested in 
educationa] matters, he was Assistant Commissioner to the Royal Commission on Secondary 
Education in 1895, and in 1900 accepted the Principalship of the Heriot-Watt College in his 
native capital. Twelve years later, he added to his responsibilities the Professorship of 
Chemistry in the Royal Academy of Arts. The first of these appointments he held for 28 years, 
and the second for 24 years. Meanwhile, in 1895, he had obtained the degree of 
D.Sc. (Edinburgh), for a thesis entitled “ The Constitution of Alloys.” 

The war of 1914—18 found Laurie in constant request, largely on account of his acquaintance 
with the late Earl Lloyd George who appreciated the value of his capacity for swift experi- 
mentation and breadth of technical experience. He served on numerous Bodies connected with 
supply and inventions, as well as being concerned with Building Research, to which reference is 
made later. Running through all these activities can be perceived the influence of a sound 
“ classical chemistry ; °’ his training and outlook supplied the basis for what an earlier generation 
would have called “ experimental philosophy,” which Laurie knew instinctively how to apply 
to the problems at issue. 

Between the two wars, Laurie gave much attention to the possibility of using ethy! silicates as 
stone preservatives; in particular his work on silicon esters should be mentioned. He was a 
member of the Stone Preservation Committee of the Building Research Board, and then, from 
1926—1930, of its Standing Chemical and Weathering Committee. Earlier he had published 
several papers on stone decay. He conducted experiments at Hampton Court and elsewhere 
in collaboration with the Ancient Monuments Department of the Ministry (then the Office) of 
works. In favourable circumstances silicon esters enable the stone to be hardened and con- 
solidated without the introduction of a soluble salt. Later developments have been in other 
directions, but it is probable that they owe much of their value to Laurie's pioneer interest in 
ethy! silicates. 

Laurie’s published work covers an extensive field. His output of books alone is impressive, 
as the following resume will show—‘ The Food of Plants ” (1893), “ Processes, Pigments and 
Vehicles ” (1895), “Greek and Roman Methods of Painting ” (1910), “ Materials used in the 
Painter's Craft from the Earliest Times to the End of the XVII Century ” (1911), “ The Pigments 
and Mediums of the Old Masters ” (1914), “ Painters’ Methods and Materials “ (1926), “ Simple 
Rules for Painting in Oils” (1934), “ Pictures and Politics ” (1934), “ New Light on Old Masters ” 
(1935), and “ The Technique of the Old Masters” (1949). 

In addition to these volumes, several of them of considerable size and scope, Laurie 


Artuve Pittans Lauri, the eldest son of the late Professor Simon Somerville Laurie, LL.D., 
he came to know very well. The Pre-Raphaelite master encouraged him to study the scientific 
aspects of painting, and thus in effect spread out before him the pattern of his life's work. Then, a 
‘ in 1891, Laurie contributed a paper to the Society of Arts Journal entitled “ On the Durability 
of Pictures Painted with Oils and Resins,” which won him the Society's Silver medal; in the 
same year he delivered the Cantor Lectures before the same Society under the title “ The 
q 
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contributed on various occasions to the usual scientific periodicals. He became interested in 
the way in which the refractive index of paint media in pictures might serve as an indication of 
the picture's age. (It is, of course, well known that the medium becomes progressively more 
transparent with the passage of time ; it is this effect which is mainly responsible for the appear- 
ance of pentimenti.) In 1937 he discussed the sorption of organic liquids by raw linseed oil and 
stand oi) films, and the anomalous results to which it gave rise in the study of the refractive index 
of such films. 

Less known in this country are the articles which Laurie wrote for “ Technical Studies in the 
Field of the Fine Arts" (1933-—1042), issued by the Fogg Art Museum, University of Harvard, 
U.S.A. The following is a compicte list, in chronological order : 


The Use of an Emulsion as a Painting 


The Microscopic Examination of the . 
Restrainers and Solvents used in Cleaning Old Varnish from Pictures... 
The Yellowing of Linseed Oil 
The Payom Painted 


“ Auld Reikie contributed her garlands as the years went on, the Royal ‘ 
Edinburgh its fellowship in 1885, and the University the honorary degree of LL.D. in 1929. 
Laarie also became an Honorary Roya! Scottish Academician. 

He died at Haslemere, Surrey, on October 7th, 1949, and is survived by his only daughter, 
who shared his life and interests through many years 

He was elected a Fellow of the Chemical Society in 1886. 

F. I. G, Rawtts. 


SIR HENRY MIERS. 
1858-— 1942, 


Few Fellows of the Chemical Society can have had a more active, a more varied, and a more use- 
ful life than Henry Miers. Save for failing eyesight be never grew old, and for nearly sixty years 
his alert, tireless, keen, smiling little figure was never idle, ever ready with help and advice, 
whether it was in the British Museum, Oxford, London, or Manchester. He had many interests, 
but it was his interest in human beings, his genius for helping others to shape their lives, that so 
many of us remember with gratitude. Perhaps that is not surprising in the great-grandson of 
Francis Place, one of the great social reformers of the early nineteenth century, the joint founder 
of University College, London, and a pioneer in adult education. Miers was proud of his 
ancestry. His father was a distinguished civil engineer, his grandfather, also an engineer, had 
travelled widely in South America and in 1843 was elected to the Royal Society for his botanical 
studies. Miers had an elder brother, Edward John Miers, who was a zoologist on the staff of the 
British Museum. So science and education were in his blood. 

He was born at Rio de Janeiro on 25th May, 1858, and two years later his father retired from 
his South American business and settled in South London. Miers’ preparatory school was 
Summerfields, just outside Oxford, where that skilful teacher Mrs. Maclaren gave him a taste for 
classics which lasted all his life. In 1872, like so many of his schoolfellows, he won an Eton 
scholarship. In his five years at Kton he remained true to classics, eventually winning a classical 
scholarship at Trinity College, Oxford. However his interests were widening in mathematics 
and science, and on going up to Oxford in October 1877 he read for both Classical and Mathe- 
matical Moderations. He had intended to take both the Honours Schools of Mathematics and 
Physics, but he was getting interested in crystallography, and hearing that there would soon be a 
vacancy im the Mineralogical Department of the British Museum he decided to throw up his 
Science Schoo! and devote himself entirely to the competition for that post. 

Story Maskelyne was then Professor of Mineralogy in Oxford, but he was also a Member of 
Parliament living in London; he had no Department and lectured only when required. Miers 
was bis only pupil, but Maskelyne came up each weekend to lecture to him, though the lectures 
soon degenerated into armchair discussions at the home of the witty Professor of Geometry, 
Henry Smith, who took a lively part in the talks. What could have been more stimulating for a 
young and enthusiastic undergraduate ? 


Examination of the Masks of Mammified Bulls dient 1934 
Notes on the Medium of Flemish Painters 
Materials in Persian Mimiatures 
Problems connected with the Cleaning and Preservation of Pictures cicnaliatittn + an 
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After taking the Fina] School of Mathematics, Miers went for three months in 1882 to work in 
Strasbourg with Groth, with whom he formed a lifelong friendship. The work for his first 
published paper on cerussite was done during the visit. After all this careful preparation Miers 
came out top in the Civil Service examination, the only serious competitor being Sanderson, the 
future headmaster of Oundle. 

In October 1882 Miers entered on his new duties at a fortunate moment. The mineral 
collection bad just been moved from Bloomsbury to its fine new quarters in South Kensington, 
and the new Head of the Department, Lazarus Fletcher, was a kindred spirit who appreciated 
the fine qualities of his new assistant. Miers helped in the rearrangement of the collection, but 
he had ample time for research and he took full advantage of the material available for investi- 
gation. He remained at the Museum till 1896, and during those years he contributed a long 
series of papers on the morphology of various crystal species. By them he proved himself an 
accurate, painstaking investigator, with a quick eye for any abnormality of habit and for points 

interest. His most important work was with G. T. Prior on the red- 


inly crystallographic 
to his aesthetic taste, he had a wide knowledge of their occurrences and associations, and he was 
never happier than on mineralogical excursions in Cornwall and elsewhere. 
However in spite of the opportunities for research the life of an assistant at the Museum did 
not for long satisfy the humanism of one who had such a variety of culturalinterests. He always 
longed to be a teacher, and, at the invitation of Arthur Hugh Clough, he gave evening lectures on 


William) Pope, who succeeded him as lecturer in 1895. adiietoumansnmiiedbaie 
with Miers, and his early interest in crystals coloured much of his subsequent research. 

Miers’ energy found many other outlets—foreign travel, visits to most of the great continental 
mineral collections, and collaboration in a book on “ The Soil in Relation to Health,”’ the result 
of his intimacy with a number of young doctors. His interest in ballooning nearly cost him his 
life. An aeronaut named Simmons had advertised a balloon flight to Austria, and offered to take 
one or two passengers. Miers got a few days’ leave from the Museum and without telling anyone 
where he was going he flew off from the Danish Exhibition with Simmons in his large new balloon ; 
the other passenger was a young man named Field. As the wind was from an unsuitable direc- 
tion Simmons decided to descend for the night near the coast. A strong wind was blowing, and 
while anchored to a tree near Maldon the whole balloon blew to pieces, and the wire basket with 
the occupants fell sixty feet to the ground. Simmons was killed, Field broke both legs, Miers 
was picked up unconscious, and it was six weeks before he could go back to work. 

In 1895 came the most spectacular event in his scientific career. He was at the meeting in 
Burlington House when Ramsay announced the discovery of argon by Lord Rayleigh and him- 
self. The same night Miers wrote to Ramsay suggesting that he should examine the gas given 
off when cleveite is heated with dilute sulphuric acid, which Hildebrand had thought to be nitro- 
gen. He told Ramsay where he could get the mineral, and six weeks later Ramsay sent the gas 
from cleveite to Crookes, thinking it might be krypton for which he was looking. Crookes 
telegraphed back “ Crypton is helium. Come and see it.” Towards the end of his life an old 
friend was congratulating Miers on his long innings, saying that in giving the clue to the dis- 
covery of helium he hit the ball over the pavilion. Miers replied with characteristic modesty 
“Ob no! The heliam episode was only a timid but lucky swipe which happened to sneak 
through to the boundary.” 

Later in the year Miers was appointed to the Waynflete Professorship of Mineralogy at Oxford 
in succession to his friend and teacher Story Maskelyne, and in 1896 he was elected a Fellow of 
the Royal Society. He was delighted to return to Oxford, where he had spent four happy years 
as an undergraduate, with the prospect of creating a research school of Mineralogy, and with 
long vacations for foreign travel. The Professorship carried with it a Fellowship of 
and for thirteen years he gathered round him an ever-widening circle of friends, whom he loved 
to entertain in his rooms in the New Buildings overlooking the Deer Park. 

The rooms in the Museum assigned to the Professor were quickly converted into small but 
well equipped laboratories for teaching and research, and it was not long before Miers had a 


; rittingerite and discovered a new species which was named sanguinite. Although his problems 
experimental science, at a neighbouring Board School, to elementary school children. In 1886 
his real chance came when H. E. Armstrong, by a stroke of genius, asked him to teach Crystal- 
lography in the City & Guilds Technical College. He worked there after Museum hours, and soon 
; built up a smal! Crystallographic Department which, with the exception of Cambridge, was the 
| 
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small group of keen students. He was an admirable lecturer, and however smal! the audience 
Miers gave of his best. Clear and simple, stimulating and full of interest, each lecture was a 
well-rounded exposition of some topic, which sent us away feeling that for the moment at any 
tate we understood. I remember as a schoolboy the thrill of hearing his Cantor Lectures on 
Gem Stones. 

Everyone who came under his influence was attracted by his personal interest in them and 
the happy gift he had of suggesting some subject for research that was within their competence. 
Among his students were Herbert Smith, who went to the British Museum, H. L. Bowman, who 
succeeded him in his Chair, T. V. Barker, whose untimely death was a great loss to crystallo- 
graphy, Jacques Chevalier, later Professor of Philosophy at Grenoble, Noe! Ashcroft, afterwards 
President of the Mineralogical Society, and his two assistants R. C. Spiller, now Reader in 
Mineralogy at Oxford, and RK. P. D. Graham, now Assistant Professor of Mineralogy at McGill, 
who writes of him : 

“ He was a man of great kindliness, possessed of infinite patience and a disposition that 
refused to be ruffled. In all the years I was associated with him, I do not recall a single occasion 
on which he complained, or was impatient, or expressed displeasure when things went wrong or 
mistakes were made, which doubtless was often enough. Instead, there was always an explana- 
tion of the cause of the trouble and instruction as to how it might be avoided in future. These 
characteristics, and a genuinely personal interest in his students, explain his success as a teacher, 
for, in his lectures, each individual was made to feel that it was he, personally, who was being 
addressed. His Mineralogy,” first published in 1902, well illustrates his lucid and systematic 
method of teaching. It unquestionably set a new standard for textbooks of mineralogy and 
crystallography. Several that have been published since that time are quite obviously modelled 
on Miers, and one or two may even be said to mirror it, though in much distorted fashion. But 
in nearly forty years of teaching experience, the writer has failed to meet with a better 
* Introduction to Mineralogy * than that given us by Miers.” 

Miers’ most important work at Oxford had its origin in his earlier crystallographic papers 
when his accurate measurements so often showed the existence of differences in interfacial angles 
even on the same crystal which were much larger than the errors of observation. Previous 
attempts to elucidate the problem of these “ vicinal " faces by elaborate series of measurements 
on mineral crystals had been unproductive, and Miers decided that the most helpful method of 
attack was to measure the angles of crystals actually growing in solution. For this purpose an 
inverted goniometer was built by Troughton & Sims with which the angles of growing crystals 
could be measured, including the small angles between a group of vicinal faces by means of a new 
form of micrometer eyepiece. Most of the work was done with cubic crystals (the alums and 
sodium chiotate) as there was then no doubt as to the theoretical values of the interfacial angles. 
The experiments showed that crystal growth under these conditions takes place on groups of 
vicinal faces inclined at small angles ranging from 3’ to 20’ to the cubic or octahedral face under 
examination. A few crystals belonging to other systems were examined and the same pheno- 
menon was found. During the growth of a crystal sudden changes occurred in the inclination 
of the vicinal faces. These changes always occurred per saltum and not continuously, showing 
that new plane crystal face had come into existence, and that growth did not give rise to curved 
faces. There were indications that the inclinations to the normal face increased with increasing 
concentration, but the experiments were not definite on this point. 

The results thus justified Miers’ intuition that the study of growing crystals was the best 
way of advancing our knowledge of vicinal faces, as, without knowledge of the whole history of 
the growth of a crystal, measurement of its final condition might lead to quite erroneous 
conclusions. 

Miers pointed out that the vicinal faces correspond to a much more open packing of the 
molecules than the normal faces, and that as the molecules are much more densely packed in the 
crysta) than in the solution (45 times in the case of alum solution) it might be easier for the 
molecules to be deposited in the more open layers. Miers’ paper was a most enlightening 
contribution to a problem that had puzzled generations of crystallographers, and one wishes that 
he had pursued it further and by growing crystals under carefully controlled conditions had 
investigated the factors that cause the variations in the vicinal faces. His attempts were, 
however, diverted to another aspect of crystal growth. He determined the concentration of the 
solution in contact with the growing face by using the crystal as a prism to measure the refractive 
index of the solution. This involved the determination of the effects of temperature and con- 
centration on the refractive index of the solution. In the course of the measurements Miers and 
Miss Florence Isaac, who joined him in the investigation at this stage, found that the refractive 


deposition of others which led to the 
resulting in the discovery of a number of interesting rela 

Mi rs made full use of the Long Vacation for foreign travel. Visits to the United States and 
Canada, and then to Russia to learn the language, were followed by an adventurous trip to 
Klondyke in 1901 at the invitation of the Canadian Government. In 1003 he went to South 
Africa at the invitation of the Rhodes Trustees to look into educational 


equanimity, wide interests, and readiness to help, and his untiring energy were a 

the University. As Secretary to the Museum Delegates he took a very active part in the 
administration of the Museum. Most of the stone capitals had been carved the brothers 
O'Shea under Kuskin's supervision, but some were still unfinished. a benefactor 
with whose help the remainder were carved with floral designs following the original tradition. 
He served as a delegate of the University Press, a member of the Hebdomadal Council, and as 
Junior Dean and Vice-President of Magdalen, while at the same time he had many duties in 
London as Editor of the Mineralogical Magazine, President of the Mineralogical Society, and 
Vice-President of the Chemical and Geological Societies. 

It was Miers’ constant touch with the outside world that made him a particularly valuable 
member of the University. But as a result his reputation as an administrator got abroad, and in 
1908 be was invited to succeed Sir Arthur Riicker as Vice-Chancellor of London University. 
Miers felt it was his duty to go although he hated giving up his teaching and research. He had 
often said that he wished to make way for younger men and was afraid of the stagnation of 
advancing years in Oxford. 

He went to London at a difficult moment. The University was divided and unsettled by the 


Covestion Radin and there were innumerable 

faced. Miers had very happy relations with Lord Rosebery, the Chancellor of the University, 
and his unbiassed Chairmanship of the Senate was a great help at a difficult period. In 1912, the 
year he was knighted, Miers, against considerable opposition, persuaded the Universities of 
Great Britain to hold a Congress of the Universities of the Empire in London. This led 
to the foundation of the Universities Bureau and to future quinquennial meetings of the 


In London Miers missed more and more the close personal relations with students, and when 
the war came he saw that the recommendations of the Haldane Commission might not be 
ee ee meee ae So in 1915 he accepted an invitation to go to Manchester as Vice- 


the hearts of the Lancastrians. He threw himself into their problems, not only at the University 

but in the intellectual life of the community, and he did a great work in bringing the City and the 

University much closer together. He became the social focus of the University, and he gave 
vr 
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index of a cooling solution increased rapidly until a few crystals began to form, and that at a 
later stage the refractive index fell rapidly as a cloud of crystals was suddenly produced. I 
found them one day in the laboratory rather puzzled by this, and suggested that these effects 
; might be due to the transition of the supersaturated solution from the metastable to the labile 
state as predicted by Ostwald. Trials made by cooling aqueous solutions in sealed tubes showed 
that crystallisation did not occur spontaneously until a considerable degree of supersaturation 
was reached, the metastable region being represented by the area between the solubility curve 
and the curve which Miers named the supersolubility curve, showing the concentrations at which 
spontaneous crystallisations take place. 
Together with Miss Isaac, he undertook a number of investigations of the conditions under 
which spontaneous crystallisation occurred both in aqueous solutions and also in mixtures, as he 
thought this was of importance in throwing light on the crystallisation of igneous magmas. With 
Jacques Chevalier too he investigated the differences in the growth of crystals in the metastable 
and labile regions. 
Another outcome of this work was Miers’ interest in the effect of one species in affecting the “ty 
years later for the British Association meeting at Johannesburg, when he was President of the 
Oxford soon discovered in Miers a most valuable recruit for University business. Hue ; 
strong antagonisms between the external and internal parties, which were intensified by the fact 
that Lord Haldane’s Royal Commission on the University was sitting and taking evidence. 
Congress 
to be Professor of Crystallography and to do some active teaching ’ 
It was a successful experiment, and Miers spent eleven very happy years in Manchester. 
His modesty, his friendliness, his range of interests, and his charm as a guest or host quickly won 
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both to its graduate and undergraduate life a more closely knit personal structure, which ts much 
more difheult to achieve in ‘ Ked Brick ” than in one of the older residential universities. 

It was not an easy time for a Vice-Chancellor. First he had the war problems, and then the 
period of reconstruction. But under Miers’ care the University gathered strength, and his Vice- 


happy 
with his old skill, and whenever he could snatch an hour from official duties he was in 
the laboratory helping the students with that encouragement and personal interest that so many 
of them remember with affection. He was too busy to do any research himself, but he took the 
keenest interest in the work that was in progress, very happy that it was in his own field, the 
effect of environment on crystal growth. 

His term of office would normally have ended in 1923, but the Senate pressed him to remain 
until 1926. When he left he must have been touched by the warmth and spontaneity of the 
many tributes from the University and the City for all that he had done for them. 

In 1926 he returned to London and bought a house in Hampstead, meaning to return to his 
scientific work. But it was not to be. First there were jobs to be rounded off, and then, ever 
willing and eager to help in any constructive work, he was drawn into fresh activities. 

In 1926 he undertook a Report on our Museums and Art Galleries for the Carnegie United 
Kingdom Trustees with S. F. Markham as his Secretary. As a result Museums became his 
chief oceupation and interest for the rest of his active life. He served on the Royal Commission 
on Museums and on the Standing Committee appointed to carry on its work. He was President 
of the Museums Association for six years and with Markham he made a survey of the Museums 
in the Empire for the Carnegie Corporation. Miers was convinced of the great part Museums 
could be made to play in the life of the people if they were recast and for ten years he was the 
acknowledged centre of progress in all museum work. 

As the years wore on, even his tireless energy began to flag, and wher lus eyesight failed and 
made travelling difficult the Museum work was left more and more to Markham. But he was 
never idle, and in these last years his happiness was the collection of plants in the London 
district and the care of bis collection of photographs of classical sculpture. He never lost his 
enthusiasms and his interest in the doings of friends and pupils. 


Miers's life was spent in the service of others. He was a fine teacher of the most generous 
type, clear and encouraging, and making everyone feel that there was a place for him in the 
world. Modest, unselfish, loving his fellow men, he was perhaps a little too gentle at moments 
in debate when a firm lead was needed. But he was a great humanist, and at times like these 
when the ethical influence of science is often called in question, Miers is an example of what a 
man of science can do in applying scientific methods in administration, and to the wider problems 
of academic and national life. 


Harotp Hartiey. 


SIR ROBERT ROBERTSON, 
1869-1049. 


Tus death of Sir Robert Robertson at the age of eighty removes from our midst a man of out- 
standing personality, Primarily an expert of world-wide repute in the field of explosives, he 
had a great variety of other interests, mainly scientific, but including also such subjects as 
classics and historical research. He was a Fellow of the Chemical Society for over forty years 
and was twice a Vice-President. 

Robert Kobertson was born on April 17th, 1869, in Cupar Fife, and was the son of 
J. A. Robertson, D.D.S. Both the father and the grandfather had somewhat of a scientific 
bent. Robert was the eldest of a family of four; of his three sisters one, Jess Isabel, 
married William Kintoul, a colleague of Kobertson’s in his explosive work. Robertson was 
married in 1903 to Kathleen Stannus, daughter of Hugh Stannus, F.R.1.B.A., lecturer in 
Applied Art at South Kensington and Manchester. She inherited his artistic ability and has 
produced many charming works of art. She died in 1938. Two children, a daughter and a 
son, survive Sir Robert. 

1876-— 1885. 


At the age of seven Robertson entered the Madras Academy, Cupar Fife. The curriculum 
did not include science, but a smal! laboratory was fitted up at home. He showed great 


ip was yy many evelopments nder his Sympathet guluanme toe 

University took its full share in civic activities 


His affection for his old University was almost a passion. In his later life he was a founder 
member of the St. Andrews Club, London (1964), and was for many years Chairman of Council. 
He was always interested in historical studies and made a study of the Avignon Popes of whom 
the last, Peter de Luna (Benedict XIII), founded St. Andrews University in 1411. 


1890— 1892. 

On leaving College, Robertson entered the laboratory of the City Analyst in Glasgow and 
worked under Robert T. Thomson (who recently completed his fiftieth year as a Fellow of the 
Chemical Society). Through him, Robertson made the acquaintance of James Miln Thomson, 
manager of the Cordite Section of the Royal Gunpowder Factory at Waltham Abbey, and this 
was destined to lead his steps into the explosives world. 


1892-1907. 

In 1892 Robertson was appointed as a junior chemist (at twenty-seven shillings a week) 
under J. M. Thomson. Thomson encouraged his young assistants to undertake investigations, 
to give them a greater interest in their work. He set Robertson to work on the relationship 
between the nitrogen content of nitrocellulose and its solubility in ether-alcohol. Robertson 
also made experiments on the preparation and properties of ethylene dinitrate, and on the basis 
of this work he obtained the D.Sc. degree of St. Andrews University in 1897. 

A further practice, instituted by |. M. Thomson, was that his young chemists should spend 
six months learning factory operations side by side with the workmen; thus Robertson 
acquired a first-hand knowledge of the processes. 

In 1894 there was a serious explosion in the nitroglycerine plant. With great pluck 
Robertson and two others ‘' drowned "’ the remaining nitroglycerine in water and thus probably 
averted a further explosion. For this act he was presented with a gold watch by the Govern- 
ment. He regarded this watch as one of his most valued possessions. He was placed in charge 
of the nitroglycerine manufacture until 1900. During this time he and William Rintoul worked 
out 4 process for recovering acetone vapour, which had previously been allowed to go to waste 
in the cordite driers. This depended on absorption by sodium hydrogen sulphite and was 
applied on a very large scale. 

In 1900 Robertson was put in charge of the Main Laboratory. He had a certain amount of 
time available for research and made a study of the Will stability test for nitrocellulose in its 
application to the purification of gun-cotton by boiling with water. He found that the best 
method of purification was to boil the gun-cotton initially with weak acid to hydrolyse unstable 
impurities; the acids could then be removed by prolonged boiling with water. This valuable 
discovery was published in 1906 and has become the standard practice in gun-cotton 
manufacture. He followed up this work by modifying the Will test to adapt it to the 
measurement of the rate of decomposition of nitroglycerine. 

In a further research with S. S. Napper the absorption spectrum of nitrogen dioxide was 
examined and it was found that nitrogen dioxide could be detected and measured in low 
concentrations in air. This was utilised to measure the gradual decomposition of nitrocellulose 
at medium temperatures. 
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industry at school and gained many prizes. On leaving, he was awarded the Balgonie Gold 
Medal. In the Senior Local Examination of St. Andrews University he was placed first in 
Scotland and won the University prize. 
1885— 1890. 
Robertson matriculated at St. Andrews University in October 1885 for the M.A. degree. 
In the 1885—1886 Session there were sixty “ bejant “ students, as they are called at St. Andrews 
in their first academic year. Two of these, Robert Robertson and Alexander MacKenzie, 
: attained the distinction of the Fellowship of the Royal Society. 
The course extended over four Sessions. No chemistry classes were included; it was, 
however, possible to take extra classes if time permitted and Kobertson found that he could 
attend classes in science in his third and fourth years, which would enable him to qualify for 
the B.Sc. degree. A fellow student, David Lawson, who had attended Purdie’s chemistry 
lectures, spoke enthusiastically to Robertson about them and he decided to enter for a chemistry 
class. In the following year he took a more advanced class and came for the first time under ~. 
the stimulating influence of Purdie. This made a tremendous impression on him and ultimately % 
a life-long friendship sprang up. Robertson took the M.A. degree in 1889, and in 1890, after a Mt 
| 
a 
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At about this time some of the cordite came under suspicion of having inflamed 


jacketed and silvered flask. The decomposition was detected, first by visible fumes of nitrogen 
dioxide and then by a rise of temperature. The cordite then in use contained 5% of mineral! 
jelly, and he found that if the mineral jelly were omitted or replaced by saturated hydrocarbons 
small proportion of hydrocarbons which reacted with nitrogen dioxide. Since nitrogen dioxide 
acts as an auto-catalyst in the decomposition its removal is beneficial to the stability. 

A field of work which was the subject of considerable investigation by Robertson was the 
calorimetry of the explosion of cordite. This was based on the work of Sir Andrew Noble. 
The cordite was placed in a thick-walled steel bomb which was immersed in a calorimeter. The 
effect of mineral jelly and of the proportion of nitroglycerine was measured. 


1906— 1907. 

In the summer of 1906 spontaneous explosions took place in two magazines in India. This 
required urgent investigation, and Colonel Nathan and Dr. Robertson were sent out to India to 
undertake this. The Silvered Vessel Test proved its value in correlating the decline of stability 
with the temperature and time of storage, and it was possible to lay down a safety limit, below 
which the test should not be allowed to fall. An exhaustive report was made on the conditions 


1907—1914. 


On his return from India early in 1907, Robertson was invited to take up the position of 
Superintending Chemist at the Woolwich Research Department. This Department had been 
in existence for about six years. It arose out of an experimental establishment set up by the 
Explosives Committee. The Committee included a number of illustrious scientists, among 
whom were Lord Rayleigh, Sir William Crookes, and Sir Andrew Noble. They took a persona! 
interest in the work, which was very encouraging to the smal! staff of about half-a-dozen 
chemists. The original terms of reference were to improve the detonation of lyddite and to 
overcome the defects of the cordite at that time in use. The work, however, widened rapidly ; 
many explosives were synthesised and examined, notably trinitrophenylmethyinitramine, for 
which a manufacturing process was worked out. Important work on the stability of 

ts was carried out and the study of trinitrotoluene was commenced. New and well- 
equipped laboratories were built and the work expanded greatly. Unfortunately, the scientific 
Explosives Committee gave place in 1906 to a Board in which science had relatively little 
tion and in 1907 a military “ Superintendent of Research was appointed. Such 

was the background of the Department at the time of Robertson's appointment on April 7th, 
1907, His University course for the M.A. degree had left him relatively little time to obtain a 
knowledge of chemistry, but he brought a valuable fund of technical experience 

and a useful knowledge of safety precautions to the Department. His organising ability had 
full scope; he was a good administrator and had abundant energy; painstaking, methodical, 
and cautious in arriving at decisions, but obstinate in adhering to them in the face of 
any opposition. He was domineering and issued his instructions in the form of abrupt and 

orders. The junior members of the staff were terrified of him. 

He realised the necessity of amassing a systematic fund of information on al! 

subjects connected with explosives. This aided in dealing with the increasing influx of Service 


In view of its importance the stability of cordite was one of the most prominent subjects of 
investigation. The deterioration of cordite starts from minute nuclei of impurities and spreads 
by autocatalysis. An exhaustive study of the nature of the harmful impurities was made by 
means of climatic storage trials. This led to a better control of the cordite stored in magazines 
and to the introduction of precautions in the manufacture. 

Work on high explosives was also in progress. A comprehensive study of the properties of 
trinitrotoluene was made and the manufacture and purification of trinitropheny!methylnitramine 
were perfected. Important researches on the initiation of detonation of high explosives and 
the sensitiveness of explosives to impact were carried out. Robertson showed a keen interest 
in the progress of the work; he also fulfilled a useful function in establishing contacts with 


test, the “ Silvered Vessel Test.” The cordite was ground and heated at 80° in a vacuum- 
of storage with recommendations for the preservation of cordite in hot climates, and this 
remained for many years a classic source of reference. 
problems 
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The opportunities for publication were very restricted on account 
its secrecy. 


1914—1918. 


With the outbreak of war in August 1914 the Research Department was put to a strenuous 
test. With a staff of nine chemists and subordinate staff it was required to cope with a host of 
problems in a minimum of time. The work was so wide-spread that it cannot be dealt with in 
any detail. A few outstanding examples may, however, be mentioned. 

In October 1914 improvement in the supply of trinitrotoluene (T.N.T.) became 
urgent. Robertson was asked whether his Department could make three tons a week of T.N.T. 
to relieve the position. He immediately gave orders that work should be put in hand at the 
highest pressure to establish the most efficient method of manufacture. The existing processes 
were slow and inefficient. They also required oleum, which was not available. Intensive 
laboratory work was put in hand and a number of radical improvements were worked out. 
After a short time the work had reached a stage at which an experimental! plant could be designed. 
Robertson's technical knowledge then stood him in good stead; he made a personal search of 
the scrap heaps of Woolwich Arsenal to find the necessary equipment and a plant for three tons 
a week was soon erected. This gave successful results and it was kept in production for a 
considerable time. In the early stages the supply position was so crucial that each week's output 
was seized upon with avidity for shell-filling, etc. This process was taken as the basis of the 
design of the large-scale Government plant at Oldbury and later that at Queensferry. 

Although this work led to the expansion of T.N.T. production to a very large scale, it was 
still limited by the available toluene and it soon became evident that a still larger supply of 

. In order to eke out the T.N.T. the use of a mixture of 


is in itself deficient in oxygen whilst ammonium nitrate has a slight excess. A balanced mixture 
would be obtained by adding about four parts of ammonium nitrate to one part of T.N.T. At 
that time it was necessary to add about 40% of T.N.T. to enable the mixture to be melted to a 
slurry and poured into shells, but this was remedied later and made it possible to use the mixture 
containing 80% of nitrate. The detonation of this mixture was a difficult matter and numerous 
other difficulties arose such as hygroscopicity, corrosion of metals owing to 

dissociation, formation of dangerous salts with copper, etc., decomposition of T.N.T. by traces 


The ammonium nitrate had to be made from Chile saltpetre by double 

difficult to purify. These difficulties were overcome step by step and this “ dilution " of the 
T.N.T. enabled the quantity of available high explosive to be increased enormously. The 
mixed explosive was named “ Amatol.” (I have refrained from mentioning names of the 
staff working under Robertson, but think that the name of E. R. Deacon, who has since passed 
away, should be put on record for his valuable work on amatol.) 

Another difficulty was that amatol gave little or no smoke on detonation and this made it 
difficult to locate the burst of the shell. To remedy this, smoke mixtures were devised and 
incorporated into the shell filling. 

Meanwhile serious difficulties arose in the production of cordite owing to shortage of acetone. 
It was necessary to devise a propellant of the same ballistic properties as cordite M.D. without 
using acetone; it was also necessary that manufacture should be capable of being carried out in 
the existing plant. This was met by the introduction of a new propellant, “ Cordite R.D.B.”, 
in which the solvent used was a mixture of ether and alcohol. This propellant was ultimately 
manufactured in enormous quantities in the largest propellant factory at Gretna. 

As the war proceeded, the difficulty of obtaining chemists for research work and for manning 
the factories became more and more acute. Scientists had been sent to the Front regardless 
of their value in producing vital supplies of munitions. It is amusing to read in a leaflet issued 
by the Parliamentary Recruiting Committee the advice given for Enlistment in Special Corps : 
* Men specially enlisted (a) such as Navvies, Tunnellers and Chemists.” 

In 1917 Robertson went to France and interviewed many scientists. This ultimately led 
to the return of valuable scientific workers to this country. 

At the end of the war in 1918 the staff of scientists numbered one hundred and ten, When 
the news of the Armistice arrived, Robertson and a group of the staff were engaged in a conclave. 
It was typical of Robertson that he solemnly proceeded with the discussion and for another 
hour the scientists had to possess themselves in patience and continue the discussion. 

During the war Robertson worked untiringly. He made a point of visiting the laboratories 


T.N.T. and ammonium nitrate was investigated at the Research Department. Trinitrotoluene 
of pyridine and thiocyanate, transitions of crystalline form at 16°, 32°, 85°, and 125”. 
Pod 
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as often as possible to get first-hand information on the progress of the work. I think it may 
be said that this formed the peak of his long and active career. He was in the prime of life and 
rendered truly great services. 

It was during the first World War that he was elected a Fellow of the Royal Society (1917). 
In 1918 he was created a K.B.E. in recognition of his valuable work. 


1919-1921. 


Much research work remained to be done after the war, but the staff dwindled rapidly after 
the Armistice. Robertson's time was very much occupied in the question of reorganisation of 


in spectroscopy. The work was described in a series of papers in the 
Proceedings of the Royal Society by Robertson, Fox, and Hiscocks. 
Special precautions were necessary to overcome the effects of electro-magnetic disturbances 


’ . The moments of inertia were 

In addition to the rotation system shown by PH, and AsH,, NH, was found to 

have a further system of rotation. Beer's law was found to hold accurately. At that time 

there were very few infra-red spectrometers in the whole world. There is no doubt that the 

work of Robertson and his colleagues greatly stimulated infra-red spectrometric work in this 
country and abroad. 

Research on Diamonds.—-The published work on the infra-red spectrum of diamonds showed 
some discrepancies and Robertson proceeded to make a study of diamonds from different 
sources. In the examination of the first six diamonds one behaved abnormally. The other 
five gave a strong absorption band at 8 u. but the sixth gave no such band. Later, other 

of this abnormality were found. Differences were also found in the ultra-violet. 
Other physical properties were examined ; some of these properties showed differences between 
the normal diamonds (Type I) and the abnormal (Type II). In all, six abnormal diamonds 
were found, out of a total of three bundred examined. The joint work (Robertson and Martin) 
was summarised in the Jubilee Lecture to the Society of Chemical Industry (Chem. and Ind., 
1944, 18) in which the significance of the physical properties was discussed and surmises were 
made as to the conditions of formation of the two types in Nature. 

Robertson took some interest in the question of the artificia! production of diamonds and 
examined the minute specimens left by J. B. Hannay to the British Museum in 1880. At 
least one of these proved to be of the abnormal type. 


the conditions of employment of scientists. He continued to be a member of the Ordnance 
Committee and several other Committees until he left the Department on March 6th, 1921. 
19213936. 
On the retirement of Sir James Dobbie, F.R.S., from the post of Government Chemist, 
' Sir Robert was appointed to this position and took up his duties on March 7th, 1921. In the 
: Government Laboratory, which was already very efficiently organised, he was free to devote 
himself to work which was congenial to him. He took part in many committees and found 
time for private research. 

The post of Government Chemist carries with it other duties, as he is Chief Agricultural 
Analyst, Referee under the Food and Drugs Act, and Advisor to the Board of Customs and 
Excise. The magnitude of the work of the Government Laboratory can be judged to some 
extent from the impressive Annual Reports. It increased largely during Sir Robert's tenure, 
owing to legislation such as the Safeguarding of Industries Act, etc. 

Apart from the routine analytical work, special investigations were carried out at the 
Laboratory to assist Departments of State, ¢.g., the carriage of dangerous goods at sea, the 
elimination of sulphur dioxide and nitrous gases in the atmosphere, the effect of lead tetraethy! 
in petrol on health, the investigation of the mineral resources of the Dead Sea for the recovery 
of potassium chloride, bromine, etc. Sir Robert served on numerous Committees dealing with 
these and other subjects. 

Research on Infra-red Absorption Spectra.—-Robertson's great wish was to devote himself 
to research. He told me that he felt he must do research “ to save his soul.” The work on 
infra-red spectra dealt with the three hydrides NH,, PH,, AsH,. Robertson's interest in the 
subject arose out of the explosive nature of arsine gas, and the original object was to determine 
whether its decomposition would be accelerated by exciting the molecule with one of its 
vibrational frequencies. He was fortunate in having the collaboration of J. J. Fox. who had 
and mechanical vibrations caused by heavy road traffic A tetrahedral structure was deduced 


many a younger man. He was awarded the Davy Medal of the Royal Society in 1 
recognition of his valuable services to Science and the Nation. 


1945-— 1949. 


At the end of the war Robertson had attained the age of 76, but was still full of vigour. 
He resumed his work at the Davy Faraday Laboratory, perfecting the technique of infra-red 
work and experimenting on the synthesis of diamonds. He extended Hannay's work and 
endeavoured to obtain crystalline carbon from solutions of cyanides in molten silver and other 
metals. 

He was a member of the Armaments Research Advisory Board until his death. He was 
Chairman of the Committee which dealt with the Armstrong Memoria! Fund (1945-1048). He 
continued as a Censor of the Royal Institute of Chemistry until 1946. 

In 1947 he took an active part in the Centenary Celebrations of the Chemical Society. He 
was Chairman of an Exhibition at the Science Museum illustrating the achievements of British 
chemists during the last one hundred years and brought together a remarkable collection of 
apparatus of historical interest 

In 1948 he was appointed Editor in Chief of a comprehensive work on “ The Science of 
Explosives,” but after putting much work into this he was ultimately compelled by failing 
health to relinquish the Editorship. 

He was practically free from illness until the early part of 1948, when he had a bad heart 
and congestion of the lungs. His tough constitution pulled him through, but he was much 
weakened. In 1949 he had influenza and bronch ja and passed away at his home 
in London on April 28th, just eleven days after his 0th birthday. He might almost be said 
to have died in harness, and I am sure he would not have wished it otherwise. 


Secretary of State for War in recognition of gallant behaviour after a serious explosion in 1894, 
the Fellowship of the Royal Society in 1917, the K.B.E. in 1918, LL.D. St. Andrews in 1923, 
the Silver Jubilee Medal in 1935, the Coronation Medal in 1937 and the Davy Medal of the 
Royal Society in 1944. 

In all that he undertook he worked tirelessly and conscientiously ; 
carned him through many difficulties. He was supremely self-confident, frequently autocratic 


also his sentimental side; he was greatly attached to his old University and to his chemistry 
professor, and had many other intimate friends for whom he had a real affection. 

International Relationships im Chemistry.—An account of Robertson's activities would be 
incomplete without some reference to his efforts to further co-operation and friendly intercourse 
with scientists abroad. As President of the Chemical Section of the British Association at 
Toronto in 1924 he made many lasting friendships. Whilst on the American continent he 
travelled to Vancouver and back, and then to the United States, where he established profitable 
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1936-1939. 
Robertson retired from the Government Laboratory on April 16th, 1936. He continued, 
however, to serve on several Committees. In 1937 he resumed experimental work at the 
Davy Faraday Laboratory. He designed and made apparatus for the exploration of spectra 
into the deep infra-red, i.¢., from 100 y. downwards. In the middle of 1939 the war clouds 
became ominous and at the age of 70 he offered his services to his old Research Department at 
Woolwich. 
1939-1945. 
At the outbreak of the war, the work of the Research Department was decentralised. 
Robertson was placed in charge of the section which was stationed at University College, 
Swansea. The work was already well organised and Sir Robert was thus free to spend a large 
proportion of his time on Committee work under the Scientific Advisory Council, where his wide 
knowledge of explosives was of great assistance. In 1939 he was appointed Chairman of the 
Committee on Higher Explosives. From 1940 to 1942 he was Chairman of the S.A.C. Committee — 
: on Chemistry of Explosives and Physics of Explosives. He served also on a number of other ™ 
| Committees. The attendance at the meetings in London involved a great deal of travelling 
j and included some hundred night journeys, an effort which would have taxed the strength of MOI 
044 in 
2 
Thus ended a long and strenuous career. It was probably fortunate for him thet he had to 
forge his way by hard work in his early years. From the beginning he strove after success and 
ov 1 CONSUTUTION ned OF LK ¢ ite 
his studious disposition remained with him to the end. He strove after recognition, but he had 
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1927 he visited Paris as representative 
a further visit in 1931. In 1930, and again in 1934, 
in connection with the problem of water-pollution. 

1934 he attended the International Congress of Chemistry at Madrid and in 1936 he visited 
Roumania, Istanbul, and Austria. In 1937 he went again to Paris for the Congress of 


often presided at the meetings. The Club was well named and Robertson was distinctly a 
good catalyst. He was good company and, as one member put it, they liked his pawky humour. 

Societies and I nstitutions.— Robertson's loyal devotion to the learned Societies was a feature 
which greatly impressed his colleagues and friends and he attended, and often presided at, 
great number of scientific meetings. 

Royal Society. Robertson was elected a Fellow in 1917. He served on a number of 
Committees, including the Committee on Applied Sciences (1919-1922) and the Committee for 
exhibit on Pure Sciences at the British Empire Exhibition (1922). He represented the Royal 
Society on the General Board and Executive Council of the N.P.L. (1925) and in the Berthelot 
Celebrations at Paris (1927). He was awarded the Davy Medal in 1944. 

Chemical Society. He was elected as a Fellow in 1907 and was a Member of Council 1919— 
1922. He was a Vice-President in 1926-1929 and again in 1936—1939. In 1922 he 
represented the Chemical Society on the Conjoint Board of Scientific Societies. His activities 
in connection with the Centenary Celebrations are mentioned above 

Faraday Society. Elected 1920, he became a Member of Council in 1921 and was President 
in 1922-1024. 

Royal Institution. Robertson was a devoted member of this Institution. He was elected 
in 1921, became Manager in 1924, Secretary 1926-1929 and Treasurer 1929—1946. During 
this time he acted as Vice-Chairman. When the renovation of the theatre and various building 
became urgent he took an active part in obtaining the necessary funds (about £100,000). 
During the Faraday Centenary Celebrations in 1931 he frequently presided at meetings. 

British Associaton. Robertson was President of Section B (Chemistry) at the Toronto 
meeting of 1924. 

Royal Institute of Chemistry. He became a Fellow in 1897, Member of Council 1915—1918 
and 1921-1932, Vice-President 1918-—1921. 

Salters’ Institute. Robertson was appointed Director in 1937 and continued to hold this 
post until shortly before his death. 

London University, Member of Board of Studies for Chemistry and Chemica! Industry 
1921-1925 and 1944. Board of Advisors in Chemistry. 

Ramsay Fellowships. Member of Advisory Committee 1921. 

Ramsay Chemical Engineering Department. Member of Committee. 

He was also a member of a number of other Scientific Societies and of the Koyal Society 
Club and the Athena@um. His activities in connection with the St. Andrews University Club, 
London, have already been mentioned. 

He maintained a close connection with the Scottish Universities through his position as 
Advisor in Physical Chemistry under the Carnegie Trust. R. C. Farmer. 


E. WHITMORE. 
1923—1949. 


Frank Evwarp Warrmors lost his life on July 26th, 1949, at the age of 26 in a climbing accident 
in Switzerland and his death came as a severe shock to his former teachers and to his colleagues 
and many friends in Birmingham. 
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: Industrial Chemistry, and in 193% he took part in the International Congress of Chemistry at 
Rome. He readily got on to a friendly footing with scientists abroad and in return he welcomed 
them on their visits to this country and showed them hospitality at his home. In so doing he 
rendered a real service to Science. With him national boundaries formed no barrier to the 
establishment of fraternal relations. During the war of 1939-1945 he was in very frequent 
contact with the Canadian and American representatives and did much to promote their 
co-operation. 
In this connection the “ Catalysts’ Club ” should be mentioned. It was established about 
thirty years ago, and one of its purposes was to entertain distinguished foreign visitors to this 
country having similar interests to those of the Club. Robertson took an active part in this and 
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Whitmore, one of three talented brothers, received his early 
Grammar School from which he entered the Chemistry school of the University of Birmingham 
in 1942. Always a brilliant scholar, he duly graduated with first class Honours and was awarded 
a Teaching Scholarship in the Chemistry Department. 

He engaged in research work under Dr. F. J. Llewellyn in the X-ray department, studying 
(explosives). With Llewellyn he ta thn 1947, 881), 

On gaining his Ph.D. in 1946 he was appointed to an L.C.1. Fellowship which he held in the 
Department of Physics at Birmingham with the object of building up, with the unusual facilities 
available, a small group engaged in studying radiochemistry. In addition it was the object of 
his new group to look after general chemical problems of the Nuclear Physics laboratory and to 
provide a link with interested workers in the Chemistry Department. From the start, owing 
to his generous and helpful nature, this new venture was a marked success and in his researches 
Whitmore had already begun to make a name for himself, He was particularly interested in 
the chemical state of atoms newly formed by nuclear transformation, ¢.g., in the cyclotron. He 
paid a good deal of attention to phosphorus 32, and showed that this element when made by the 
action of fast neutrons on the sulphur in sodium sulphide appears, when brought into aqueous 
solution, as a phosphate ion, Several papers on this work were in preparation for the press 
when he was killed. 

His particular hobby was mountaineering and he was an enthusiastic, generous and able 
leader among Midland climbers. He had an unusual talent for amateur dramatics and in his 
undergraduate days was in great demand by the various University societies, particularly the 
University Chemical Society. 

He was unmarried and leaves a widowed mother. Because of the long period of training 
necessary for such work, Whitmore’s untimely end is a sad loss to radiochemistry and to 
Birmingham, and his place cannot easily be filled. 

M. Stacry. 
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